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PREFACE 


Tins compilation of abstracts describes and indexes tlie technical reporting that re- 
sulted from the scientific and engineering work performed and managed by the Lewis 
Research Center, All the publications were announced in the 1977 issues of STAR 
(Scientific and Technical Aerospace Reports) and/or IAA (International Aerospace Ab- 
stracts), Included are research reports, journal articles, conference presentations, 
patents and patent applications, and theses. The importance that Lewis management 
places on reporting and announcing the results of our technical activities is demon- 
strated by this document. In 1977 our output was 256 research reports, 233 journal 
articles and conference presentations, mid 224 contractor reports. The arrangement 
of the material is by NASA subject category as noted in the Contents. The Lewis 
authored items are Ested first in each category followed by the contractor items. With- 
in each of these groups is Ested report literature, identified by N-numbers, followed 
by the journal and conference presentations, identified by A-numbers. A grouping of 
indexes helps locate specific pubEeations b 3 r subject, author (including contractor 
authors), contractor organization, contract number, and report number. 
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01 AERONAUTICS (GENERAL) 


N77-18014*# National Aeionauucs and Space Administration. 
Lewis Research Center Cleveland. Ohio. ,, rV rLE 

COMPONENT TEST PROGRAM FOR VARIABLE-CYCLE 

Albeit Growers. John B. Whitlow, and Leonard E Stitt In its 
Ptoc of the SCAR Conf.. Part 1 1976 p 371-385 refs (For 

primary document see N77-17996 09-01) 

Avail NTIS HCA21/MFA01 CSCL21E 

Variable cycle engine (VCE) concepts for a supersonic cruise 
aircraft were studied These VCE concepts incorporate unique 
critical components and now path arrangements that provide 
good performance at bath supersonic and subsonic cruise and 
appear to be economically and environmentally viable Certain 
technologies were identified as critical to the successful 
development of these engine concepts and raquire canydcrab e 
development and testing The feasibility and '= ad ' n ®“ °[ thB 
most critical VCE technologies, was assessed, a VCE component 
«st program was initiated. The vocable stream control engine 
(VSCEI component test program, tested and eva uated an efficient 
low emission duct burner and a quiet coannular elector nozzle 
at the rear of a rematched FIOO engine AU,nor 


N77-18015*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

SUPERSONIC CRUISE lN> i-TS FOR VARIABLE-CYCLE 

David^N Bowditch In its Ptoc of the SCAR Coni _ Part' 
1975 p 387-397 refs (For primary document see N77-1799b 

Avad' NTIS HC A21/MP A01 CSCL 21E 

The performance of candidate supeisomc cruise inlets is 
reviewed and the aerodynamic installation penalties fQr cach ‘ vp ,^ 
are defined The mam characteristics that affect a,e a,d ?" 
schedules of variable cycle engines are defined These schedules 
are compared with the airflow schedules of the candidate inlets^ 
and appropriate inlets arc matched to the variable-cycle engi 
characteristics Auxiliary inlets are also considered Author 


N77-1802O*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

A'ROACOU STIC STUDIES OF COANNULAR NOZZLES 
SUITABLE FOR SUPERSONIC CRUISE AIRCRAFT APP_U- 

Odando* A. Gutierrez In Us Proc. of the SCAR £onL. Ft 2 
1976 20 p refs (For primary document see N77- IBOib 
Avail NTIS HC A23/MF A01 CSCL 01 C 

Research programs ware conducted to investigate e *P ef ‘'" a "' 
tally the aeroacoustic characteristics of scale ntode . inverted 
velocity profile coannular nozzles. These programs include stud es 
of unsuppmssed configurations with and without center plugs 
over a variety of radius ratios ano area ratios. Also included are 
suppressed configurations, the effect of electors and some 
Simulated flight effects Unsupptessed inverted-velocity profile 
coannular nozzles seem to allow t et mix ng noise comp lance 
with present FAR-36 regulations when applied to supersonic 
cruise aircraft engine cycles. Simulated flight tests suggest that 
tha aeroacoustic benefits of the inverted-velocity profile coa " nu ' a 
nozzles would be maintained in flight Aulna 


N77-18024*# National Aeronautics and Space Administration 

Lewis Research Center. Cleveland, Ohio nvm « 

TECHNOLOGY FOR CONTROLLING EMISSIONS OF OXIDES 
OF NITROGEN FROM SUPERSONIC CRUISE AIRCRAFT^ 

Gregory M. Reck pud Richard A Rudey In its Proc. of the 
SCAR Conf , Pt. 2. 1976 22 p refs (For primary document 

see N77-18019 09-011 
Avail NTIS HCA23/MFA01 CSCL 21 E 

Various experiments are sponsored and conducted by NASA 
to explore tha potential of advanced combustion techniques for 
controlling aircraft engine emissions into the upper atmosphere^ 
Of particular concern are the oxide of nitrogen (NOx) emissions 
into the stratosphere The experiments utilize a wide variety of 
approaches varying from advanced combustor concepts to 
fundamental flame tube experiments Results ate presented which 
indicate that substantia! reductions in cruise NOx emissions should 
be achievable in future aircraft engines A major NASA program 
is described which focuses the many fundamental experiments 
mto a planned evolution and demonstration of the prevaponzeri- 
premixed combustion technique in a full-scale engine Author 


N77-1S016*# National Aeronautics and Space Administration 
i n.ujc Research Center* Cleveland, Ohio- fc .._ 

CONTROL OF PROPULSION SYSTEMS FOR SUPERSONIC 

CRUISE AIRCRAFT qrAR 

Khby W. Hiller and Dame! I Dram In ns Proc of the SCAR 
Conf . Part 1 1976 t> 399-415 refs (For primary document 

see N77-I799Q 09-01) 

Avail NTIS HCA21/MFA01 CSCL 21 E 

The propulsion control requirements of supersonic aircraft 
are presented, integtation of inlet, engine, and airframe controls 
is discussed The application of recent control theory developments 
to propulsion control design is described Control component 
designs for achieving reliable, responsive propulsion control ate 
also discussed. 


FI77-1S018*# National Aeronautics and Space Administration 

Lewis Research Canter. Cleveland Ohm 0F 

COMPOSITE MATERIALS RESEARCH IN SUPPORT F 
CIIPERSONIC PROPULSION SYSTEMS ‘ ( 

Robert A. Signorelli In its Proc. of the SCAR Conf Part ^ 
1975 p 457 •'168 refs (For pnmary document see N77 1793b 

Avail- VlTIS HC A20/MF A01 CSCL 21E 

Two engine components, fan blades and exhaust systems 
were selected for composite materials development e fa d s in 
support of the supersonic cruise aircraft lesearch (SCARI g 
oroaram The materials selected were boran/alumlnum for fan 
blades and silicon carbide/superalloy sheet for the exhaust sysienv 
The current stares of the research mto applying these 
composite materials to SCAR engines is reviewed Author 


N77-1B992*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

REVISED FORTRAN PROGRAM FOR CALCULATING 
VELOCITIES AND STREAMLINES ON THE HUB-SHROUD 
MIDCHANNEL STREAM SURFACE OF AN 
OR MIXED-FLOW TURBOMACHINE OR ANNULAR DUCT. 
1; USER’S MANUAL 

Theodore Katsanis and William D McNally W«*ington Mar 
1977 107 P refs Supersedes NASA-TN-D-7343. 

U^ASA-TN-D-8430. E-87341 Avail NTIS HC A06/MF A01 
CSCL 01 A 

A FORTRAN 4 computer piogram was developed that obtains 
a detailed subsonic or shock-free transonic flow solution on the 
hub-shroud midchannol stream surface of e turbomachine The 
blade row may be fixed or rotating, and the blades may be 
twisted and leaned Flow may be axial, mixed, or radial. Upstream 
and downstream flow variables may vary from hub to slnoud. 
and provision is made to correct for loss of stagnation pressure 
The results include velocities, streamlines, and flow angles on 
the stream surface as well as approximate blade surface velocities. 
Subsonic solutions are obtained by a finite-difference, stream- 
function solution. Transonic solutions are obtained by a vciccity- 
gradient method that uses information from a finite-difference, 
stream-function solution at a reduced mass flow. Author 
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N77-159S6*# Pralt and Whitnoy Aircraft. East Hartford. Conn 
AERODYNAMIC AND ACOUSTIC TESTS OF DUCT- 
BURNING TURBOFAN EXHAUST NOZZLES Final Report 
Hilary Kozlowski and Allan B. Packman Washington NASA 
Dec. 197G 141 p lots 
{Contract NAS3-178QB) 

(NASA-CR-2G28. PWA-529G) Avail NTIS HC A07/MF A01 
CSCL 01 B 

The static aerodynamic and acoustic characteristics of 
duct-burning tuibofan (DBTFI exhaust nonius are established 
Scale models, having a total area ntiuivalent to a 0 1 27 m diameter 
convergent nonlo. simulating unsuppressed coannular nonlos and 
mechanically suppressed nozzles with and without ojoctors 
Ihardwall and acoustically treatodl were tested in n quiescent 
environment. The ratio of fan to pumary area was varied from 
0 75 to 12 Far held acoustic data, perceived noise levels, and 
thrust measurements weio obtained for 417 test conditions 
Pressure ratios wore varied from 13 to 4.1 in the fan stream 
and from 1 53 to 2 5 in the piimary stream Total temperature 
varied from 395 to 1090 K in both stteams Jet noiso reductions 
relative to synthosizod prediction from 8 PNdB (with the 
unsunprassad coannular nozzle) to 15 PNdB (with u mechanically 
suppressed configuration) wore obsetvod at conditions typical of 
engines being considered under tho Advanced Supersonic 
Technology pioginm Tho inherent suppression charactotistic of 
tho unsuppiossed coannular nozzle is related to tho rapid mixing 
in tho | 0 t wake caused by thn velocity profilos associated with 
tho DBTF Since this can bo achieved without a mocnanicn! 
suppressor, significant reductions in ancraft weigh! or noise 
footprint can bo realized Author 


N77-18022*# General Electric Co. Philadelphia. Pa Aircraft 
Engine Group 

COANNULAR PLUG NOZZLE NOISE REDUCTION AND 
IMPACT OF EXHAUST SYSTEM DESIGNS c07 

Robert Leo In NASA Langley Res Center Ptoc of tho SCAR 
Conf Pt 2. 1976 20 p (Far primary documont see N77- 1801 9 
09 01! 

(Contracts NAS3-18008. NAS3-19777: DOT-OST-30034) 

Avail NTIS HC A23/MF A01 CSCL 20A 

Reducing tho nciso generated by high velocity tots has 
confronted engine designers ant) acoustics woikors alike for the 
past fifteen years Some of tho iet noise suppressor configurations 
that ate investigated arc shown With the exception of the early 
CJ-8Q5 daisy suppressor nozzle which found successful application 
an tho Convair 990 airplane, tho othois were developmental 
hatdwaro at different stages of the effort in the past eight 
years all aiming at potential supersonic cruise aircraft applica- 
tions Some significant progress was mado as tho result of work 
supported by NASA and FAA tn tho past two to throe years 
This work pertains to tho concept demonstration and scale model 
testing of coannular plug nozzles with inverted velocity profile, 
and to tho preliminary study of its application to advanced variable 
cycle engines IVCE1 appropriate (cr supersonic cruise aircraft 

Author 


02 AERODYNAMICS 

Includes Barodynamics of bodies, combinations, wlhos, 
rotots. and control surfaces; and Internel now in ducts 
and turbomachinary. 

For ralatad information saa also 34 Fluid Mechanics 
nnd Hen l Transfer. 


N77-11004*# National Aeronautics and Space Administration, 
lewis Research Center. Cleveland. Ohio. 

PERFORMANCE AND BOUNDARY-LAYER EVALUATION OF 
A SONIC tNLET 

James F. Schmidt and Robert S. Ruggeri Washington Nov. 
1976 57 p refs 

(NASA-TN-D-B340; E-B579I Avail: NTIS HC A04/MF AOt 
CSCL 01 A 

Tests wore conducted to determine the boundary layer 
characteristics and aerodynamic performance or a radial vane 
sonic inlet with a langth/diameter ratio of 1 for several vane 
configurations The sonic inlet was designed with a slight wavy 
wall typo of diffuser geometry, which permits operation at high 
inlet Mach numbers (sufficiently high for good noise suppression) 
without boundary layer How separation and with good total 
pressure recovery. A new method for evaluating the turbulent 
boundary layer was developed to separate the boundary layer 
from the inviscid core How. which ts characterized by a total 
pressure variation from hub to tip. and to determine the 
experimental boundary layer parameters. Author 


N77-HD07*# National Aeronautics and Space Administrahon 
Lewis Research Center. Cleveland. Ohm. 

TWO-DIMENSIONAL COLD-AIR CASCADE STUDY OF A 
FILM-COOLED TURBINE STATOR BLADE. 3: EFFECT OF 
HOLE SIZE ON SINGLE-ROW AND MULT1ROW EJECTION 
Herman W Prust, Jr and Thomas P Moffitt Washington Oct 
1976 33 p refs 

(NASA-TM-X-3442, E-8720) Avail: NTIS HC A03/MF A01 
CSCL 20 □ 

The effect OF coolant discharge on the aorodynamic perform- 
ance ol e film cooled turbine stator blade was determined. The 
blade had the same number, location, and injection angle of 
coolant holes, but the coolant hole diameters wero one half 
that of a previously investigated blade. Otherwise the blades 
were the same Tests with dischargo from individual coolant 
rows nnd multiple coolant rows, including full film discharge aro 
studied. The results of the blade with smaller holes are reported 
and compared with the blades with larger holes. Author 


N77-110OS*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

PERFORMANCE OF UlB-PRESSURE-RATtO FAN STAGE 
AT SEVERAL ROTOR BLADE SETTING ANGLES WITH 
REVERSE FLOW 

George Kavlch and Royco D. Moore Washington Nov 1976 
91 p refs 

INASA-TM-X-3451; E-8571) Avail: NTIS HC A05/MF A01 
CSCL 21 E 

A SI cm diameter low pressure ratio fan stage wss tested 
in reverse Haw. Survey flow data wore taken over the range of 
rotativo speed from 50 percent to 100 percent design speed at 
several rotor blade setting angles through both flat and feather 
pitch. Normal How dosign vatues of pressure ratio and weight 
How were 1.15 and 29.9 kg/soc with a rotor tip speed of 
243,8 m/sec. The maximum thrust in reverse flow was 
52.5 percent of design thrust in normal How. Author 


N77-11991*^ National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio. 

INLET TOTAL PRESSURE LOSS DUE TO ACOUSTIC WALL 
TREATMENT 

Brent A Miller [1977] 16 p refs Proposed Tor presentation 
at 15th Aerospace Sci. Mooting, Los Angeles. 24-26 Jan 1977; 


sponsored by AIAA 

(NASA-TM-X-73559. E-BS4GI Avail NTIS HC A02/MF A01 
CSCL 01 A 

The offcct of diffusor wall acoustic treatment on inlet total 
pressure loss was experimentally determined. Data wero obtained 
by iesting an inlet model with 10 difforonl acoustically treated 
diffusers differing only in tile design of thu Helmholtz resonator 
acoustic treatment Tests wero conducted in a wind tunnol at 
forward velocities to 41 motors per second for inlet throat Mach 
numbers ol .5 to 8 and angles of attack as high as 50 degroes 
Results indicotn a pressure loss penalty due to acoustic treatment 
that increases linearly with the porosity of thB acoustic facing 
sheet For a surface porosity or 14 percent the total pressuio 
loss was 21 percent greater than that for an untreated inlet 

Author 


N77-120O0*# National Aeronautics end Space Administration 
Lewis Research Centnr. Ctevoland. Ohio 
COLD-AIR PERFORMANCE OF A TIP TURBINE DESIGNED 
TO DRIVE A LIFT FAN. 1: BASELINE PERFORMANCE 
Jeffrey E Haas. Milton G. Kofskoy, Glen M. Hotz. and Samuel 
M Futral. Jr. Washington Dec 1976 25 p rofs Prepared 
in cooperation with Army Air Mobility R and D Lab . Cleveland 
INASA-TM-X-3452: E-87541 Avail NTIS HC A02/MF AOI 
CSCL 21 E 

Full admission baseline performance was oblainod for a 0 4 
linear scale of the LF460 lift fan turbine over a tango of speeds 
and piessure rot.os withe. r leakage air. Those cold-atr tests 
covered a range of speeds horn 40 to 140 percent of design 
equivalent speed and a range of scroll inlot to diffusor exit static 
pressure ratios from 2.0 to 4 2 Results aro presented in terms 
of specific work, torque mass flow, elficioncy. and total pressure 
t * , °P Author 


N77-16991 4 // National Aeronautics and Space Administration 
Lewis Research Ceiilor. Cleveland. Ohio. 

ESTIMATE OF CONJUGATE GAMMA AND GAMMA PRIME 
COMPOSITIONS IN Ni-BASE SUPERALLQYS 
Robert L Droshfiotd 1977 31 p rofs Prosenled at Workshop 
on Applications of Phase Diagrams in Metallurgy and Ceramics. 
Gaithersburg, Md. 10-12 Jan 1977: sponsored by N8S 
INASA-TM-X-73576: E-90331 Avail NTIS HC A03/MF AOI 
CSCL 1 1F 

Approaches far estimating the composition of the matrix 
phase of alloys from the melt composition are reviewed The 
first method is based on assigning essentially fixed stoichiometry 
to precipitating phases and is typiHed by PHACOMP The second 
method uses analytical goomeliy *a interpret phase diagrams 
and is applicable to a two-phase region of a six-component 
Ni-basc system The geometric motnod is also applicable to 
c .morctal Ni-baso suporalloys Author 

DATA SUMMARY Chemical and phase compositions of 
nickel-bnse superallays. variables include weight percent, atomic 
percent. 6 figures and 12 tables include numeric data 


N77-16992*# National Aeronautics and Spnco Administration 
Lewis Research Center, Cleveland. Ohio. 

EFFECTS OF TIP CLEARANCE ON OVERALL PERFORM- 
ANCE OF TRANSONIC FAN STAGE WITH AND WITHOUT 
CASING TREATMENT 

Royce D. Moore and Walter M Osborn Fob 1977 2G p refs 
tNASA TM-X-3479. E-8945) Avail NTIS HC AQ3/MF AOI 
CSCL 01 A 

The overall performance of a transonic fan stage is presented 
for various tip clearances, with and without casing treatment 
Tire stage was tested with a solid casing, and with open skewed 
slots nnd dosed skewed slots in the casing over the rotor blade 
tips Four nominal nonrotatmg rotor blado tip clearances front 
0 061 to 0 178 contimeter were used For all three casings, the 
pressure ratio and efficiency decreased with increasing tip 
clearance The stall margin for a given casing also decreased 
With increasing clearance. At design speed and a given tip 
clearance, the highest siall margin was obrained with the open-slot 


4 


casing, and tho iowos! stall margin was obtained with the solid 
casma Author 

DATA SUMMARY Effects of solid casing and porous casing 
on rotor blade tip clearances from 0.061 to 0 178 cm and on 
operating range Rotative speeds from 50 to 100 percent of 
design speed) ol axial flow rotor: variables include rotative speed 
airflow kg/sec. pressure ratio, temperature ratio, adiabatic 
efficiency, stall margin, flow path geomotiy; S figures and 
3 tables include numeric data a 


spncB Adm - nis «— 

GROOVED «TATOR E HUB A Jw i p < l=^ ND * r °TATING, 
1 82,PRE8SURE,RAT l O COMPRESSOR ° F A 

Fob Dr 'l977 l 93'p D ,efe W C Uri,sek ' ,1nd Lon "' E Washington 

Sr* E - 79471 Av*.: NT.5 HC AOB/MF A01 

« pa "~ a -I 

configurations and are compared with the unmnrt? ' no . dl,,cd ,05t 
wore conducted with tesat mamr* 0 * 1 ° unn ’ Qddied sta 9 e T ®sts 

with a rotating grooved stator huh and ,i:act SIn,nrs 

l-al (behind Za" survey* the flnd E »cumforen- 
over th„ stable oporatino nnL m , , CDndl,l0n: - were made 

and 100 percent of desi on” m! J o° l In!ive speeds of 70 30, 

a small increase in stage efficiency” nra« W ° r blado ,BS,!i 'ndicated 
weight flaw at each sneed Perre/m”, 5mU u* 10 and lna!t, mum 
a rotating, grooved stator huh nudi'a” Wl,h ,0SBI SIa,ors ?>| d 
-n Stage offio.oncyo rd pr 0S sur e rm^ ^ m , 1 < ' n add ‘ tioni " i™ a se 
grooved stator hub , educed h ub 

90 ^po r c ont ^of ' ^to sign* snood* *f o r * '^t ° Dff ' 0,oncv a < 70 end 
modifications, the variables are design Wado"oln ' v “ h stJlor 
design speed, blade edges oressum^i d 1 P a,an >P< a 's 

Ikg/secl. diffusion (actor !„«“ ' 10 equivalent weight flow 

and suchoh-sSe m"& C ^^b7 ,W,,na ' veloc ‘*V ratio, 
include numeric data 3 ' 10 fl 3«'es and 11 rabies 


TO DRIVE A E UP? 0F A T,P TURBINE DESIGNED 

” Wasfungton mUel M 

Cleveland 0 n ^ A ' n ’ V Alr Mpb "'*V R <* “an^^vSTab" 
CSCL A 01A X ‘ 3481 ' E ’ 8914> Avail; NT,S !,C A03/MF Ad 

to 5 0 The investigation was conducted in two nans J rh 
part using a different side of the turbine scroll ? i Uh 

cf a gas genera.or Each side had “r 6 VS "dlC 0 %80 

ssjzr m 

♦ Author 

s^, T n A ,m^ AR r Par, ' m ndmlssitm performance of 04 linear 

Suolo hit Kin turbine ovor o ronne nf cnnn-> 1n j 


N77-1B051*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

VAHtarn'c AFR0DYNAM|C PERFORMANCE OF A 

VARIABLE'PITCH t.83.METER-(6-FTJ DIAMETER t ?n 
pressure.ratio fan stage (qf- 9) D|AMET£n 1 - 20 - 

Frederick W Glaser. Richard P Woodward, and James G Lucas 
Washington Feb 1977 67 p refs 

CSCL A Q1A ° 8402 E B8371 Av<nl NTIS Hc A04/MF A01 

Far field noise' data and related aerodynamic performance 

°!i?tablo S Tr 0 lw r ” Var,n ^rr?i ileh fa " S,nQ ° llav,nfl el ’ ara etenstics 
-uitablo for low noise. STOL engine application. However, no 

acoustic suppression material was used in tlm flow passages 
The fan was- externally driven by an electric motor Tests wore 
made at several forward thrust rotor blade pitch angles and ono 
for reverse thrust Fan speed was vanod from 60 to 120 percent 

m inn af ldES ' sn ’ s P° od ' nnd oxhitust noules hnving mens 92 
to 105 percent of design wore tested. Tim (an noise levol was 
at a minimum at the design rotor blade pitch angles of 64 doe 

[hnnii^n , UUS ', anri at 57 rio£) for n PP'°ach {50 percent takeoff 
nS Pc 'f mved n °' s ° alon 0 a 152 4-m sideline reached 100 1 
™ db 0 ' d, “ takaD,f ,dos '9 nl configuraiion for a stage pressure 
nitio o 1 17 and thrust of 57.600 N For reverse thrust tho 
PNL values wore 4 to 5 PNdb above the takeoff values at 
comparable fan speeds Author 

DATA SUMMARY Sound pressure level, sound power lavel 
and perceived noise level of low noise STOL engine fan stage' 
the variables include stage total prossuro ratio, rotor up speed! 
mlet weight flow, rotor blade pitch angle, design noczlo arua 
Isg ml. Mach number, stall lino, 'on speed, thrust load, sound 
pressure level fdb), sound power love) (dbl. perceived noise (PNdbl 
and stage adiabatic o(liemncy 39 figures and 4 tables 
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«M F Jr 5 L 0F CAS,NG TREATMENT OF OVERALL PERFORM 

pressurf A r X ^, L ; FLOW trans ™' c FAN STAGE WTH 
VAinH SS »t R o ? AT 0 OF 175 AND TIP SOLIDITY OF 1 5 
M p rn “ dROV “° VVashin 9 ,on Feb 1B77 

CSct A 0 ™ X 3477 E ' 8<1881 AV3 " NTIS HC a ° 2/MF AO i 

pcrfo T rmance C nf°! ^ IT'" 0 ' ° ' CaSm0 Uoa,me, ’ IS on 1>'u overall 
pertoimance of a I 75-pressurc-rano 423-m/sec-trp speed fan 

stage was evaluated The skewed slot conf.gurahon wdh 

marnm of m OV " * h ° n ’ tdRor|lon °< »>e rotor had a 5tl u 
margin of 23 5 percent, while the solid casing had a stall 

o'^Ti 01 150 POfcent The skewed slot configuration with lonn 

rtrrr; ,, °, ah< ’ ad and ° v °' p ° ,,,on ° f r ° ( °' displace” 

the jtali tme to tho lowest flow at all speeds tested At desmn 
speed, the peak efficiency for tho long forward open slots was 

less^hn^t'haf'for 'T , ,hD Sh0r ' n ' ,<!opi ’ n £lo,s and 3 Points 
ilss man mat (or the solid casing Author 

, DA7A SDMMARY Thn effectiveness of a solid casino a 

based 0 on M t hn° and ua ' ,at,0,ls af a skewed slot casing 
based on the increase m stall margin and on th 0 abilnv in 

Seed' Row oro'ss" ,ln " *° '° We ' f '°' vs ' va ' ,ab '°s include percent 
cv stall S temperature rano adiabatic officien 

3^f inures S ',,? 0, 'T ncy rad "*= a "ri axial distance 
J URurCo and 3 tables include numeric data 



N77-20031*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

«!i R J;? Rf i ANCE 0F low-pressure-ratio FAN STAGE 

AT TWO OFF-DESIGN BLADE SETTING ANGLES 
George Kovich. Edward R Tyst. and Royco D. Moore Washington 
Mar. 1977 90 p 

S^crn' A ‘™" X ‘ 3 ‘ W7; E-957ai Avail: NTIS HC AOS/MF A01 
C5CL 0 lA 

T}ie overall and olade^element performance af a low pressure 
ratio, low tip speed fan stage at design speed is presented for 
tow off-design rotor blade angle settings. The rotor design tip 
i n 8 m/sec and weight flow per unit annulus area is 
nnn r , 9 ' sec Des '9 n weight flow and pressure ratio are 
29.9 kg/sec and 1.151. respectively Author 


~°" onal Aero nautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

cSMP?JfsOR ,NTEnNAL FL ° W ° F J85 ' 13 MULT|S TAGE 
Roy D Hpgar Apr 1977 20 p rate 

CSCL^A X 35,3: E ' B493) Avail NT,S HC A02/MF A01 

,„,ii m0 !? Hne da,n , rocorded on a J85-13 engine were used to 
analyze the internal flow of the compressor Measured pressures 
““J l ® n,p ” al tur f s , wefe USed as input to a streamline analysis 

* , C K CU J me the V0,0!: “'' d,a £I roms at the mlet and 

outlet of each blade row From the velocity diagrams and blade 

raisin salB[:led blado-olement performance parameters wore 
calculated, From the detailed analysis it is concluded that the 
compressor is probably hub critical (stall initiates at the hub) in 
the latter Stages for the design speed conditions As a result 
the casing treatment over the blade tips has little or no effect 
on stall margin at design speed Radial inlet distortion did not 
appear to change the flow in tho stages that control stall because 
or tho rapid attenuation of the distortion within the compressor 

Author 


N77-25084*# National Aeronautics and Space Administration 
Lewis Research Centor. Cleveland. Ohio 
EXPERIMENTAL PERFORMANCE OF A 16.10- 
CENTIMETER-TIP-DIAMETER SWEPTBACK CENTRIFUGAL 
COMPRESSOR DESIGNED FOR A 6:1 PRESSURE RATIO 
Hugh A. Klasson. Jo’ry R Wood, and Lawrence F Schumman 
Jun. 1977 31 p refs 

(NASA-TM-X-3552. E-9074) Avail NTIS HC A03/MF AOT 
CSCL 21E 

A backswept impeller with design mass flow rate of 
1.033 kg/scc was tested with bath a vaned diffuser and a 
vaneless dilfusor to establish stage and impeller characteristics 
Design stago pressure ratio of 6 9 1 was attained at a flow 
slightly lower than tho design value Flow rango at design speed 
was 6 percent of choking flow Impeller axial lip clearance at 
design speed was varied to determine elfect on stago and impeller 
performance Author 


nrcxsvsrj National Aeronautics 


ana apace Administration 


Lewis Research Center, Cleveland. Ohio 
CHARACTERISTICS OF RANDOM INLET PRESSURE 
FLUCTUATIONS DURING FLIGHTS OF F-111A AIRPLANE 
William G Costakss Washington May 1977 36 p refs 
INASA-TM-X-3540. E-90371 Avail NTIS HC A03/MF A01 
CSCL 0 1 A 


Compressor face dynamic total pressutes from lour F IJI 
flights wore analyzed Statistics of tho nunstationary data woto 
investigated by analyzing the data m a quasi -stationary manner 
Changes in the character of the dynamic signal ate investigated 
as functions of flight conditions, time in flight, and location at 
the compressor face Tho results which are presented in tho 
form of nas values, histograms, and power spectrum plots, show 
that tho shape of the power spectra remains relatively flat while 
the histograms have an approximate normal distribution Author 


WM'«1‘i National Aeronautics and Space Adirumstrmm 
Lewis Research Center. Cleveland Ohm ^am.n.strmro 

^^o=I'i;, AND AERODYNAMIC PERFORMANCE OF 

™"^Aiia , 5S?,SS! DIAM6TER FA 

~ j -* R s — 

«CL A 2*Ie‘ X ‘ 3521, E,89G8) Ava " NTIS HC A04/MF AO 

fc.-,, r fSn . W0S 0XtEma11 '’ drivon b V an electric motor Desin 
otddJ vwJ T" 0 ' SB Seneration included the eliminatron of m It 
guide vanes, long axial spacing between the rotor and stale 
blade rows, and the selection of blade vane numbers to achmv 
a cu “>» The fan OF-2 results were cohered w-h 
those of another full-scale fan having essentially idemica 
aerodynamic design Qxcept for nozzle geometry and the directior 
of rotation. The fan QF-2 aerodynainrc results were also comnaret 

£ th™ ° bt8inEri f '° m ° 50 8 cm rotor-tip diameter mode 
of the reverse rotation fan QF-2 design. Differences in I 

geometry other than exit area significantly affected tho comparisor 
of the results of the full-scale fans. Authoi 


N77-2204S ft National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
ACOUSTIC TESTS OF AUGMENTOR WING MODEL 
Jack H GoodykoqnU Washington Apr 1977 56 p refs 
1NASA-TM-X-3519. E-8923) Avail NTIS HC A04/MF A01 
CSCL 20 A 

Acoustic and aerodynamic data were nbt»:nsd f or a full-scale 
saction of an augmentor wing. Features of the design included 
a single-row, multielement nozzle array and acoustically tuned 
panels placed on the interior surfaces of the augmentor When 
the data were extrapolated to a 91, 000-kilogram aircraft, the 
calculated sideline perceived noise levels were approximately tha 
same for either the takeoff or approach condition Author 


N77-250Q2*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

CORRELATION OF PART-SPAN DAMPER LOSSES 
THROUGH TRANSONIC ROTORS OPERATING NEAR 
DESIGN POINT 

William B Roberts (Notre Dame Umv Ind 1 Washington Jun 
1977 23 p refs 

(NASA TM-X-3542. E 90681 Avail NTIS HC A02/MF A01 
CSCL 01 A 

The design-point tosses caused by part span dampers (PSD) 
were correlated for 21 transonic axial flow Fan rotors that had 
tip speeds varying from 350 to 488 meters per second and 
design pressure ratios ol 1 5 to 2 0 For these rotors a 
correlation using mean inlet Mach number at tho damper location, 
along with relevant geometne ami aerodynamic loading parame- 
ters. predicts the variation of total pressure Toss coefficient in 
the region ol the damper to a good approximation Author 


T ■ a 1 . u u cn a i Heronauncs and Space Admimstntinr 

Lewis Research Comer. Cleveland, Ohm "etior 

FORTRAN PROGRAM FOR CALCULATING LEADING Afctr 
TRAIUNG-EDGE GEOMETRY of ?URB A OMACmN E 


Lawrence F Schumann Jun. 1977 22 p refs 

(NASA-TM -X-73679, E 92111 Avail NTIS HC A02/MF A01 

CSCL 01 A 

A FORTRAN IV program which calculates leading- and 
trailing-edgo circle radii, tangency angles an tho leading- and 
trailing-edgo circles, and stagger angles of turbamachinery blado 
sections using only spline paints defining the blade surfaces is 
described. The program shifts the origin of the blade coordinates 
to the loading edge of the blade Required input includes (m. 
theta} coordinates of a sufficient number of spline paints to 
adequately define the two surfaces of tho blade Other required 
input are the radn from the axis of rotation cf the leading- and 
t railing-edges. The output from this piOgram is used directly os 


6 


the geometrical input lor n NASA developed program tor 
calculating transonic vatociuos on o blode-to-blade stranm surfaco 
or a turbomacbina. Tha p-igram is used (or axial, radial, and 
mixad (low turbomac'uno blades. Author 


N77-2B074*'^ National Aeronautics and Spaco Administration 
Lewis Research Center. Cleveland. OhiD. 

PERFORMANCE AT MACH 3,52 OF A MACH 2.5 ALL 
EXTERNAL-COMPRESSION. TWO DIMENSIONAL INLET 
Robert W Ctibbrson Jim 1977 43 p 

(NASA-TM-736DG; E-9235) Avail NTIS HC A03/MF A01 
CSCL 01A 

A quick-look tost was conducted in the 10- by 10-foot 
supersonic wind tunnol to provide soma qualitative inhumation 
an operating a low Mach number design inlet in a highly ovorsped 
condition. The model which is a two-dimenaional, three-ramp, 
all-external compression inlet designed to match a J-85 turbojet 
engine at Mach 2 5 was run at Mach 3 52 and zero angte-of-attack 
and yaw. Results ate presented showing the effect of oxtutnal 
ramp angle combinations, diffuser ramp position, and amount of 
bleed Author 


N77-28087 National Aeronautics and Space Administration. 
Lewis Reseaich Center. Cleveland. Ohio 

COMPARISON OF JET MACH NUMBER DECAY DATA 
WITH A CORRELATION AND JET SPREADING CONTOURS 
FOR A LARGE VARIETY OF NOZZLES 
Donald E. Groesbeck. Ronald G. Huff, and Uwe H. VonGInhn 
Washington Jun 1977 300 p refs 

(NASA TN-D 8423; E 8561) Avail NTIS HC A13/MF A01 
CSCL 01 A 

Small-scale circular, noncirculnr. single- and multi-element 
nozzles with (low ereas as large ns 122 sq cm were tested 
with cold airllow at exit Mach numbeis from 0 28 to 1.15. The 
effects of multi-element nozzle shape end element spacing on 
jet Mach number decay wore studied in an effort to reduce the 
noise caused by jet impingement on externally blown flap {EBFI 
STOL aircraft. The jet Mach number decay data ate wall 
represented by empirical relations. Jet spreading and Mach number 
decay contours ore presented for nil configurations tested 

Author 


N77-20088*# National Aeronautics end Spaco Admimsttanon 
Lewis Roscarch Center. Cleveland. Ohio. 

AERODYNAMIC PERFORMANCE OF 0.4O6G. SCALE MODEL 
OF JT8D REFAN STAGE WITH S-DUCT INLET 
Royce D. Moore. George Kovich, and Goorge W Lewis. Jr 
Washington May 1977 296 p refs 

(NASA-TN-D-845B: E-8268! Avail: NTIS HC A13/MF A01 
CSCL 01A 

A scale model of tha JT8Q rofan stage wns tested with a 
scale model of the S-tluM inlet design for the refannod Booing 
727 center engine. Detailed survey data of pressures, tempera- 
tures. and flow angles wero obtained ovur a ranqu of (lows at 
speeds from 70 to 97 percent of design speed. Two S-duct 
configuiatious wore tasted; one with a bollmouth inlet and the 
other with a flight tip inlet. The results indicated that the ovorall 
porfoimance was essentially unaffected by the distortion generated 
by the S-duct inlet The stall woight (low increased by loss than 
0.5 kg/soc (approximately t of design flow) with tb-s S-duct 
inlet compared with that obtained with uniform flow The dotoilot! 
measurements indicated that ilia inlet guide vane (IGV) signif- 
icantly reduced circumferential variations For example, the How 
angles ahead of the !GV wore positive in the right had of the 
inlet and negative in the loft half. Behind the IGV. the (low 
angles tended to bo mote uniform circumferentially Author 


N77-29099*# National Aeronautics and Spaco Administration 
Lewis Research Center. Cleveland. Ohio. 

REVISED FORTRAN PROGRAM FOR CALCULATING 
VELOCITIES AND STREAMLINES ON THE HUB.SHROUD 
MIDCHANNEL STREAM SURFACE OF AN AXIAL-. RADIAL-. 
OR MIXED-FLOW TURBOMACHINE OR ANNULAR DUCT. 
2: PROGRAMMER'S MANUAL 

Theodore Katsanis and William D McNally Washington Jul 
1977 232 p rote Revised 

INASA-TN-D 8431 E 89691 Avail NTIS HC A11/MF A01 
CSCL 01A 

A FORTRAN IV computet program has been developed that 
obtains a detailed subsonic or shock tree transonic How solution 
on the hub-shroud midchannel stream surface ol a tuibomachme 
The blade raw may be fixed or rotating, and the blades may be 
twisted and leaned Flow may be axial, mixed, or radial Upstream 
and downstream How variables may vary from hub to shioud 
and provisions are made to correct lot loss ot stagnation pressure 
Tho results include velocities, streamlines, and How anglos on 
tho stream surface and approximate blade surface velocities 

Author 


N77-30089*# National Aeronautics and Space Administration 
Lewis Reseaich Centoi. Cleveland. Ohio 

COLD AIR PERFORMANCE OF A 12.766-CENTIMETER TIP- 
DIAMETER AXIAL-FLOW COOLED TURBINE. 2: EFFECT 
OF AIR EJECTION ON TURBINE PERFORMANCE 
Jelfrey E Haas and Milton G Kolskey Aug. 1977 37 p >e(s 
Prepared in cooperation with Aimv Air Mobility Res and Dovelop 
Lab , Ciuveland ... 

tNASA-TP-10181 Avail NTIS HC A03/MF A01 CSCL 2 1 E 
An air cooled version ot a single-stage, axial How tuibtno 
was investigated to detotmme aerodynamic performance will 
and without air ejection from the stator and rotor blades surfaces 
10 Simulate the effect ol cooling air discharge Air ejection rate 
was vaned hum 0 to 10 percent of turbine mass flow lor both 
11,0 stotoi and the rotor A pnmaiy to air ejection temperature 




N77-3208Z*# National Aeronautics and Space Administration 
Lewis Research Cental. Cleveland. Ohio 

COLD-AIR PERFORMANCE OF A 12.78C-CENT1METER-TIP- 
D1AMETER AXIAL-FLOW COOLED TURBINE. 3: EFFECT 
OF ROTOR TIP CLEARANCE ON OVERALL PERFORMANCE 
OF A SOLID BLADE CONFIGURATION 
Jelfrey Haas (Army Au Mobility Research and Development Lnb . 
Cleveland, Ohio) and Milton G Kolskey Sop 1977 24 p rots 
(NASA-TP 1032. E-9181) Avail NTIS HC A02/MF A01 CSCL 
01A 

Two tip clearance configurations, one with a recess in the 
casing and tho other with a roducod rotor binds height, wore 
investigated at design equivalent speed over a range ol tip 
clearance from about 2 0 to 5 0 percent of the stator blade 
height Tho optimum configuration with a racass in the casing 
wns the one where the rotor tip diameter wns equal to tha 
stator tip diamator Uoro blade extension). For this configuration 
there was an approximate 1.5 parcont docroasu in total olficioncy 
(or an increase in tip clearance of 1 percent of stator blade 
height For the reduced bladu height configurations there was 
an approximate 2 0 percent ducreaso m total efficiency for an 
increase in up clearance of 1 percent of stator blade height 

Author 


N77-33107 e j$t National Aeronautics and Space Administration 
Lewis Research Center. Ciuveland. Ohio. 

NONLINEAR AEROELABTIC EQUATIONS FOR COMBINED 
FLAPWISE BENDING, -CHORDWIBE BENDING. TORSION. 
AND EXTENSION OF TWISTED NONUNIFORM ROTOR 
BLADES IN FORWARD FLIGHT 

Krishna Rao V. Knza and Raymond G. Kvatnrnik (NASA Langley 
Res. Cental) Aug. 1977 111 p refs 

INASA-TM-74059) Avail NTIS HC A06/MF A01 CSCL 01A 
Second-degree nonlinear ouioalostic equations were devel- 
oped using Hamilton’s principle. His implications of tha slender 
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team approximation at applied to tit* derivation of tit* second- 
degree nonlinear equations of motion at* discuised and a 
mathematical ordering achatna which it compatible with tha 
assumption of a tlandar baam it mtroducad. Tha triads esrodynsm- 
ic loading w*» obtained from atrip theory bated on a quasi-steady 
approximation id two dimensional. incomprattibl* unttaady airfoil 
theory Tha aquation* warn compared with several of thoaa awning 
in tha literature and tha result* am d i scus sed Author 


A77-13729 ■ p Skin friction on a flat perforated acoustic 
linar, D, R, Goldman (NASA. lewis Research Comer, Physical 
Sciences Oiv,, Cleveland. Ohio! and P. F. Brinich. AIAA Journal, vol. 
14. Nov. 1970, p. 165ft* I G 59. 7 ret*. 

The report concerns the measurement of friction coolficients of 
a typical perforated acoustic liner initsltod in the side of a wind 
tunnel. The insults ate compared with measured Itlction coefficients 
of a smooth hard wall for the some mean flow velocities in a wind 
tunnel. At a velocity of 61 m/soc. an increase in the local skin 
coefficient of only a lew percent was observed, but at the highest 
velocity of 213 m/soc an inciease of about 20% was obtained. This 
velocity is a realistic velocity tor turbo*machinory components 
utilijing such liners, so a loss in performance is to be expected. Some 
tests were also performed to sec if changes in the mean boundary 
layer induced by imposed noise would rorult in friction inciease. but 
only at low velocity levels was such on increase tn friction noted. 

P.T.H. 


A 77- 15037 * Improved interactive calculation procedure for 

supersonic flows. V, Tassa, £. Reshotko (Caso'Westem-Roserve 
University, Cleveland, Ohio), arid 6. H, Ande'Son (NASA, Lewis 
Research Center. Cleveland, Ohio), (line! Annual Conference on 
Aviation and Astronautics. ISth, Tel Aviv and Haifa. Israel. Mar >9, 
20. 1976.1 Israel Journal of Technology, vol. 14. no. 1 2. 1976. p. 
94 107. 9 rets. 

An interactive numerical procedure has been developed for 
supersonic vilcous flows (either two-dimensional or axisymtneiiic 
configurations). The flow field is divided into two regions: (1) an 
inner region which is highly viscous and mostly subsonic, and (2) an 
outer region where the flow Is supersonic and in which viscous 
af'ects are small, but not negligible. This paper presents a detailed 
description of' I. Outer Region numerical solution obtained by 
applying the method of characteristics to a system of equations 
which includes viscous and conduction transport terms only normal 
to the streamlines; II. Inner Region treated by a system of 
equations of the boundary-layer type that includes higher order 
effects, such as longitudinal and transverse curvature and normal 
pressure gradients (equations are coupled and solved simultaneously 
in physical coordinates, using an implicit finitodiflerence scheme); 
III, Interactive Procedure - in tha interaction mode, the two regions 
are coupled iteratively along a matching line, where the Mach 
number is of the order of 1 .2. ( Author) 


A77- 19802 * v Acoustic signatures of a modal fan in tb* 
NASA-Lswis anechoic wind tunnel. O. A. Dietrich. M. F. Heirimann, 
and J. M, f' _^>*t (NASA, Lewis Research Center, Cleveland, Ohio). 
American >r, arte of Aeronautics and Astronautics. Aerospace 
Sciences twetrng, ISth, Los Angeles, Calif, Jan. 24-26 1977. Paper 
77-59. lip, 35 tels 

One third octave band end narrowband spectra and continuous 
directivity patterns radiated from an inlet are presented over ranges 
Of fan operating conditions, tunnel velocity, and angle ol attack 
Tunnel (low markedly reduced the unsteadiness and level of the 
blade passage tone, revealed the cut-oil design feature of the blade 
passage lone, and exposed a lobular directivity pattern tor the second 
harmonic tone. The full effects of tunnel flow are shown to be 
complete above a tunnel velocity of 20 metets/socond. The acoustic 
Signatures arc also shown to be strongly affected by tan rotation.!! 
speed, fan blade loading, and mint angle ol attack. (Author) 

DATA SUMMARY; Narrowband sound pressure levels were studied 
tor airflow velocities of 0*60 m/s and one-thud octave band sound 


pressure levels were studied tor microphone angles horn the fan axis 
in the rainy! 20 120 degrees; vatiahles are Ian total pressure radii. Ian 
corrected mass tlow, airflow velocity, microphone angle Itom Ian 
axis, design rotational speed, frequency, fan rotational speed, 
one-third octave band sound pressure, and narrowband sound 
pressure; 10 figures include numeric data. 


A77 199S3 * Prediction of laminar and turbulent boundary 

layer flow separation in V/STOL engine inlets. D C Chou R W 
Lindens, and N O, Stockman (NASA, Lewis Reseated Cental, 
Cleveland. Oluol. American Institute of Aeronautics and Asrnmau 
tics, Aettisfiace Sciences Meeting. ISth, Los Angeles. Cate . Jan 
24-26. 1977 Paper 77 144 17 p 8 rets 

The paper provides a theoretical description ol the development 
ot the boundary layer on the lip and diffuser surface ol a subsonic 
inlet sit arbitrary opeiatmg conditions ot moss flow rate, trecsiit'am 
velocity and incidence angle. Both lantinai separation on the lip and 
turbulent separation m ibe diffusei are discussed. The agreement ol 
die theoretical results with model experimental data tllostrates the 
capaltiUtv ol the theory to predict separation. The effects ol throat 
Marti number, inlet size, and surface toughness on boundary layer 
development and separation arc illustrated, lAulhoi) 

DATA SUMMARY The effects ot incidence aril, 1 , on llovv separa- 
tion at the windward side and the effects ot avnaye throat Mach 
number on the location ol separation and local separation conditions 
also on the windward side air studied; variables ate tnctOmee angle, 
average throat Macli number, local skin friction coetticien'. dmien 
sionless sun, ice distance from lugtibght, and shape factor. I. 1 figures 
include mimetic data. 


A77-41960 * #■ Ut* ot experitnantal separation limits in the 
theoretical design of V/STOL inlets, M. A. Boles (Indiana institute of 
Technology. Fort Wayne, Ind.) and N O. Stockman (NASA. Lewis 
Research Center, Wind Tunnel and Flight Div.. Cleveland, Ohio), 
American Institute Ot Aeronautics and Astronautics and Society of 
Automotive Gngineeis. Propulsion Cotihtns ice, 13th. Orlando, Fla,, 
Mr n 13, 19/7, AIAA Paper 77 878. 24 p. 9 refs 

Experimental data from several mudel inlets have been used to 
generate two pjtameters which arc related to the limit Of opoiatton 
tor inlet flow separation. One parameter, called tire diffusion ratio, is 
the ratio ot the freak velocity on the inlet surface to the velocity al 
the diffuser exrt and is related to the boundary layer separation at 
low throat Mach numbers. The other parameter, the peak Mach 
number on the inlet surface, is related to the separation at high 
throat Mach numbers. These parameters ate easily calculated from 
potential (tow solutions and thus can he used as a desiryi tool ut 
screening proposed inlet geometries. Any ol the geometric design 
variables can be analysed by this technique; bill, this pallet is 
restricted to the consideration ol the internal lip contraction ratio. 
An illustrative example of an application to an inlet design study lor 
a tilt nacelle VTOL airplane it presented. The study will show whirl 
value ot contraction ratio is required to meet Ihe operating 
requirements vet allow ihe inlet to remain free of separation as 
indicated by the two separation parameters. (Author) 


M77-2S072*# Illinois Unix. Urbane-Champaign 

VISC ID -IN VISCID INTERACTION ASSOCIATED WITH 
INCOMPRESSIBLE FLOW FAST WEDOCS AT HIGH 
REYNOLDS NUMBER Final Report 

N R, Wetpmokt end W l. Chow Aug 1977 142 p rats 
(Gram NGL- 14.005- 140) 

tNASA-CR- 136246. ME-TR-395-4) Avail NTI$ 

HC A07/MF A01 CSCL 01 A 

An analytical method is suggested lor tit* study ol the viscid 
invtscrd interaction associated with incompressible flow past 
wedges with arbitrary angles It is shown that the determination 
of the nearly constant pressure (base pressure) prevailing within 
the near wake is really the heart o! the problem, and the 
pressure can only be established from these interactive considera- 
tions The basic tree streamline (low held is established through 
two discrete parameters which adequately describe the invtserd 
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now around the body and the wake The viscous flow process** 
such as the boundary layer buildup, turbulent jet mining, and 
recompression are individually analyzed and attached to the 
rmnserd flow in the sense of the boundary layer concept The 
interaction between the viscous and inviscid streams is properly 
displayed by the tact that the aforementioned discrete parameters 
needed for the inviscid flow are determined by the viscous flow 
condition at the point of reattachment It is found that the 
reattachment point behaves as a saddle point singularity for the 
system of equations describing the rocompressivo viscous flow 
processes, and this behavior is exploited for the establishment 
of the overall flow field Detailed results such as the base pressure 
pressure distributions on the wedge and the geometry of tho 
wake are determined as functions of the wedge angle Author 


N77-310SS*# Boeing Co Seattle. Wash Military Airplane 
Development 

OPERATING CHARACTERISTICS OF AN INLET MODEL 
TESTED WITH A 0.6m POWERED FAN AT HIGH ANGLES 
OF ATTACK 

J L Koncsek and R J Shaw Sep 1977 60 p lefs Prepared 
in cooperation with NASA, lewis Res Center 
(Contract NAS3-20597) 

(NASA-CR- 135270. 0180 20798 n Avail NTIS 

HC A04/MF AOV CSCL 01A 

An mlet model des.gnod for high angle of attack capability 
coupled to a 506 m tip diameter rurbofan simulator, was tested 
*n the NASA'lewis Research Conror's 9-by 15-ft tow speed 
wind tunnel The test variables were tunnel velocity. 0 to 75 m/s 
Intel angle of attack. 0 to 120 deg. and fan face corseted 
airflow per unit area. 75 to 200 kg, s sqm The miot bow 
separation boundaries, the fan face total pressure recovery and 
distortion characteristics, and the fan blade vibratory stresses 
were determined The recovery, distortion and stress levels 
showed no abrupt changes at the onset of separation but became 
gradually more unfavorable as the sure and intensity of the 
separation increased as induced by increasingly severe operating 
conditions Performance characteristics for a large scale model 
of the inlet were estimated from these test results Author 


A7 7*510 69 • * Forward flight effecti on EBF noise. M. R 

Fmk {United Technologies Research Center. East Hartford, Conn.). 
America, institute of Aeronautics and Astronautics, Aeroacousttcs 
Conference. 4th , Atlanta, Ga., Oct 35. 1977, Paper 77-1314. 12 p. 
16 refs. Contract No. NAS3-17863. 

Forward flight effects on local mean velocity and turbulence 
velocity profiles, surface pressure spectra, and far field acoustic 
pressure spectra were measured for a simple externally blown flap 
(EBF). Both upper-surf ace-blowing and under-lhe-Wmg con- 
figurations were tested. Ratio of acoustic wind tunnel velocity to 
nozzle exhaust velocity was varied from 0 to 3/8 in steps of 1/8. A 
method was determined for predicting forward flight effects on 
surface-radiated noise. This noise is decreased in amplitude and 
shifted to higher frequency relative to data obtained at zero flight 
speed. Predictions are validated by comparisons with published 
NASA, Boeing, and Lockheed data. (Author) 


N77-3J113 # Jf Ham,' ton Standard. Windsor Locks. Conn - 

•TUDV OF NOIK AMO INFLOW DISTORTION SOURCES 
IN THE NASA OF IS FAN USING MEASURED BLADE AND 
VANE PRESSURES Fine, Rtpon 

Donald B Hanson Washington NASA Sep 1977 85 p refs 
(Contract NAS3 T9749) 

(NASA CR-2899) Avail NTtS HC A05/MF AO I CSCL 20A 
Pressure transducers were installed on the blades and vanos 
of OE-tB. a traraonic-tip-spaed fan from the NASA Quiet Fan 
Program which was tested on the outdoor quiet fan test facility 
•I NASA- Lewis Signals from the transducers and from far held 
microphones were analyzed to dntermme sources of nonuniform 
inflow and noise The nonuniform inflow was mostly unsteady 
with roughly equal contributions from atmospheric turbulence 
and rig interference The rig Interference was largest at the bottom 
end appeared to be generated by the support structure which 
was located behind the inlet lip under the tan Interaction ol 
this inflow distortion was the dominant source of noise at 2. 
and 3 times blade passing frequency (BPF) at 60. 70. and 
SO percent Of design speed At 90 percent speed, noise at BPF 
was dominatad by the steady rotor field. A broadband spectrum 
psak csdarsd at about 2 2 times BPF was identified as 
rotor/ stator interaction stemming from a high frequency rotor 
exit flow component The remaining broadband energy from 
03 to 3 5 times BPF was attributed to the better known type 
of rotor/stator interaction associated with rotor wake turthi' 
l *«* Author 
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03 AIR TRANSPORTATION AND 
SAFETY 

Includn pisaonger and cargo air transport operations, 
and aircraft accidents 

For related Information tae also t6 Space Transportation 
and 85 Urban Technology and Transportation 


N77-180M*# National Aeronautics and Space Administration 
Lewis Research Centei. Cleveland Ohio 

STATUS OF NASA AIRCRAFT ENGINE EMISSION REDUC- 
TION AND UPPER ATMOSPHERE MEASUREMENT 
PROGRAMS 

Richard A Rudsv and Erwin A Lezborg In its Aircraft Sofetv 
and Operating Problems 1976 p 319-336 refs (For primary 
document see N77* 18081 09-03) 

Avail NTIS MC A99/MF A01 CSCL21E 

K Advanced emission reduction tochniQuos for five existing 
aircraft gas turbine engines are evaluated Progress made toward 
meeting the 1979 EPA standards in ng tests of combustors tor 
tho five engmos is reported Results of fundamental combustion 
studies suggest the possibility of a new generation of | 0 t engine 
combustor technology that would reduce oxidas-of-nitrogon tNOxI 
emissions tar below levels currently demonstrated in the 
engine-related programs Tha Global An Sampling Program tGAS) 
is now in full ooeiation and is providing data on constituent 
measurements of ozone and othai minor upper atmosphere species 
related to aircraft emissions Author 


N77-18t03'f National Aeronautics and Space Administration 
Lewis Research Cen',oi Cleveland Ohio 

CONCEPTS FOR IMPROVING TURBINE DISK INTEGRITY 

Albert Kaufman In ns Aircraft Safety and Opeiatmg Pioblems 
1976 p 423 442 rots |Fo» primary document soe N77-18081 
09-03) 

Avail NTIS HC A99 MF A01 CSC l 2 IE 

Advanced dish stiuctuial concepts are used to improvo the 
cyclic Kvos and reliability of turbine disks Analytical studios wore 
conducted to evaluate boto-entry disks as potential replacements 
for the existing Inst stage turbine disks m the CF6 50 and JT8D 17 
engines Hosults ot low cycle fatigue huist Iractuie mechanics, 
and liagmont energy analyses are summarized tor tho advanced 
disk designs and the existing disk designs with both conventional 
and advanced disk matonals Other disk concepts such os 
composite, laminated link, mulnbore mulhdisk. and spline disks 
were also evaluated tor the CF6 50 engine Author 


N77-18T04* J National Aeronautics and Space Admm-stratiOn 

Lewis Research Comer. Cleveland, Ohio 

AIRCRAFT ENGINE SUMP-FIRE STUDIES 

William R Loomis In ns Airciaft Sofetv and Operating Problems 

1976 p 443-456 lots iFor primary document soo N77-I8Q81 

09-03) 

Avail NTIS MC A99/MF A01 CSCL21E 

Results of ongoing expoumenlal studies ate repotted in which 
a 125 -millimotei diameter advanced bearing tost ng simulating 
an engine sump is being used to find the critical range of conditions 
for tiros to occur Design malonal and operating concepts end 
techniques are being studied with the objective of minimising 
the problem It has been found that the vapor temperature near 
a spark ignitor is most important in determining ignition potential 
At temperatuios producing oil vapor pleasures below or much 
above the calculated flammability ttmits. fires have not been 
igi iudd But fires have been routinely started within the theoretical 
fUmmabihty range This indicates that generalising the sump-fire 
problem may make it amenable to analysis with the potantisl 
Tp realistic solutions Author 


N77-1B106**I National Aeronautics and Space Administration 

Lewis Research Contor. Cleveland. Otno 

ALTERNATIVE AIRCRAFT FUELS TECHNOLOGY 

Jock Grobman In ns Aircraft Safoty and Operating Problems 

1976 p 457 468 refs (Foi primary document see N77- 18081 

09-03) 

Avail NTIS HCA99 MFA01 CSCL 2 1 D 

NASA is studying tho characteristics of futuro aircraft fuols 
produced from either petroleum or nonpetrolaum sources such 
as oil shale or coal Those futuro hydrocarbon bosod fuels may 
have chemical and physical properties that ore different from 
present aviation tuibme fuels This research is aimed at determining 
what those characteristics may be. how present aircraft and 
engine components and materials would bo affected by fuel 
specification changes, and what changes in both aircraft and 
engine design would oe lequned to iiiituo those future fuols 
without sacrificing performance, reliability, or safety This fuols 
technology program was organised to include both m-houso and 
contract research on tho synthesis and characterisation of fuels, 
component evaluations ot combustors tutbmes Bnd fuol systems, 
and. eventually tull-scalo engine demonstrations A review ot 
the vanous elements ot tho piogram and significant results 
obtained so far am presented Author 


N77-1B108*jti National Aeronautics and Space Administration 
Lawis Research Contor Cleveland Ohio 

GAS-PATH SEAL TECHNOLOGY 

John Zuk In ns Aircraft Safety and Oporatmg P-oblems 1976 
p 469-480 mis iFor primary document see N77-18081 09-031 
Avail NTIS HCA99.MFA0! CSCL 1 1 A 

Improved gas-path seals am needed for better fuel economy, 
longer performance retention and lown mamtonanco. particularly 
m advanced high performance gas turbine engines Problems 
oncountored in gas path sealing are described as well as new 
blada tip sealing approaches for high-piessuro compiossors and 
turbines These include a lubricant coating foi conventional 
porous-metal mb-st-ip maierials used in compressors An 
improved hot press mornl alloy shows promise to inemnso the 
opemting sudaco temperatures of high pressure tuibme blede-tip 
suals to 1450 K 12 ISO F) Throe ceramic seal materials are 
OiSO described that have the potential to allow much higher 
gas-path surface opeiatmg temperatures than ate possible with 
metal systems Author 


N77-18108*f National Aeronautic* and Space Administration 
Lewis Research Center Cleveland. Ohio 

DEVELOPMENTS IN AIRCRAFT JET NOISE TECHNOLOGY 

Oilando A Gutierrez and Jomes R Stone In its Aircraft Safety 
and Operating Pioblems 1976. p 497-5 1 2 refs iFor primary 
document see N77- 18081 09-03- 
Avail NTIS HC A99 MF AO I CSCL 20A 

Significant developments m two areas of jet noise technology 
are described tho development of tot noise technology rolativo 
to coannutai nozzles of all types end a recent approach to the 
analysis of (light effects that appaars to allow simulated flight 
affects results to bo transformed to actual flight conditions with 
a high degree ot confidence The coennular nozzle section piosents 
results applicable to high-bypasfriatio turbofon engines, as well 
as current work on inverted -profile coannular nozzles applicable 
to low bypass-ratio turbotan engines suitable for use in future 
supoisomc ctuiso aircraft Author 
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M7V-SS1t4*f Oougtat Aircraft Co. Inc.. Long Beach. CaM 
WMO TUNNCL ANO ANALYTICAL INVEBTKIATKM Of 

ovcrihewim monkhm/air mamc wicimm- 

CNCf S KM A SHORT-HAUL AIRCRAFT AT MACH 
NIMMKRR MOM OS TO O.TS Phwl Repwt 

O. O. WaM. M. L Lopez, H. R. WMg». P A. Henna. god A t 
SeereH Washington NASA Sap 1977 244 p refs 
(Contract NAS3-182S4) 

(NASA-CR-2905: M0CJ7601I Avail. NTIS HC A11/MF AOI 
CSCL OIA ' 

_ Raauits of analytical calculations and wind tunnel testa at 
cruise spaed* of a representative four engine short haul aircraft 
employing upper surface Mowing (USB) with a supercritical wing 
are dtscuiaed. Wind tunnel testa covered a range or Mach number 
M from 0.9 to 0.79, Test* explored the use of three USB nozzle 
configurations. Results are shown for the isolated wing body 
end tor each of the three nozzle types installed. ‘Experiment 
result* indicate that a low angle nacelle end streamline, -pn- 
tourei nacelie yielded the *an>e interference drag at the assign 
reach number. A high angle powered lift nacelle had higher 
interference drag primarily because of nacalie boaruit tow 
pressures and flow separation. Results of varying the spacing 
between the nacelles end the use of trailing edge flap dell actions, 
wing upper surface contounng, end a convargem-dnergent nozzle 
to reduce pot antral adverse jet effects were also discussed 
Analytical comparisons with experimental data, mads for selected 
cases, indicate favorable agreement. Author 




06 AIRCRAFT DESIGN, TESTING 
ANO PERFORMANCE 
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dMatmmwi »i»lnu a single nitrile amiwinqflap segment Related met 
indicated that the scaled up model data would bo luproseninhue of 
full scele Mat) none Willi the GCSFE engine The tualvdup QCSRr 
model slate imply that die noise gnat will In very nearly attained 

(Author ) 


NIMXm'l National Aeronautic* amt Space Administration 
Uw« Rmatoh Center Oavelamt. Ohm 

* N0 Me * T thaws. 

MB BTUQItS (W TUBBIWC VAN** ANO • LADES 

Thomae P_ MoHitt. Franc i* S Steptua, anti Harold E Rohtik 1976 
» t» «1# Pratented at Aaroapace Eng and Mfo Maating. 

4) 1 ‘ ^ ov ‘ * ^* u *®T6, uponsorod by SAE 
(NASA TM-X >35iai Avail: NTIS MC AQ4/MF AOt CSCL 
21R 


Aerodynamic affect* ot trailing «d#e oeomatry. hole site, 
anflla. spacing, and ahept were studied in two- and three 
dimensional cascade* end m • warm turbine teat aeriea. Heat 
t rent ter studies wet* earned Out m venom two- and three 
dimensional test facihtiaa in outer to provide corresponding heat 
transfer date Results are shown In terms ol cooling udectiveness 
and antodynemrc efficiency tor various coolant fractions, 
coolant-primary remparaUirr? ratios, and cooling configurations 

Author 


W»T*1Stt»*# National Aeronautic* and Space Admlntatratroi 
Lewie Retested i^ptai. Cleveland. Ohio 

ACNO ACOUEfin STUDIES OF COANNULAR NOZZLES 
SUITABLE FOE SURER SONIC CRUISE AIRCRAFT APPLI- 
CATIONS 

Odamio A Ssulieuer In its Pipe of the SCAR Cunt . Pt 2, 
1976 asp i#t* (foi primary documem sen N77 18019 09 01) 
Avail Nl'IS HC A23/MF AOt CSCL Ott 


N77*4?107‘f National Aeronautics and Space Administration 
Lewis Reseetch Canter. Cleveland. Ohto 

£?* OIF WtMRIMSWTAl SEPARATION LIMITS tN THE 
THEORETICAL OESIGN OF V/STOL INLETS 

Michael A notes (Indiana Inst ot Technology) and Notbou O 
StocLntan Jul t977 24 p lets Presented at the 13th Propulsion 
C«wf Otlendo. Fla. II 13 Jul 1977 sponsored by AlAA end 
SAE 


(NASA TM 737091 Avail NTIS HC A02/MF AOt CSCL 01 C 
£»pe»meniai data from several model inters ate used to 
genereta two parameter* which ate related to the limit of operation 
for inlet flow separation One parameter, called the dlffuaton 
retro i* the ratio of the peek velocity on the inlet surface to 
the velocity at the diffuser out and is related to the boundary layer 
separation at low throat Mach nunthar* the other paramatnr 
the peak Mach number on the inlet surface i* related to tho 
separatum at high duuat Mach numbar* these parameters are 
eaaily calculated from potential (tow solutions amt thus can Ire 
uwd a* a design tool m screening proposed inter geometries 
An illustrative (maniple of an application to an inlet design study 
tor a tilt nacelle VTQL enplane is piosamed The value ot 
contracltop ratio required to meet the operating reourrerneota 
yet show die inlet to remain tie# ot separation as indicated hy 
the two separation parameter* r* shown Author 


A77-19962 * * Flap node and aerodynamic t a mitt lot modal 
QCSEE oviMhmwfng configurations. W Olttm, R Bums, and 0. 
litacstack (NASA, lewis Research Gutter, Cleveland, Ohtob 
Amenam tnuinilr of Aenumitie* mil Astronautics Aerospace 
Sr rentes AfWrtotp. /Sib. Iru Angeles. Grid , Jm 34-28, 7®??, ftyw r 
ff23 26 P IS ruts 

Noise specint m dutte dmumtlon* and aerodynamic itata were 
measured for a model of the NASA UClSEE (Oitntt Clean Short Haul 
F.k|pmm«tttal Engine) over Rut-wing configuration The effects of 
_hau length, norrle exhaust velocity, and nutria geometry were 


A77-34B62 * * Analysis of control concepts for gat and 
shaft coupled V/STOL elrcralt lift fan systems. J. F. Sellers, G L 
Hart, and J. R, Mihalomv INASA. Lewis Research Guitar. Cleveland, 
Ohm) In VrSTOL Conference, Palo Alto. Calif,, June 64), 1977, 
Technical Papery, IA77 34926 '.5 Q5I New York, American Institute 
ut Aeronautics and Altroo Julies, Inr., 1977, p. 283-292. to rets. 
(AlAA 7/BUl 

V/STOL -in emit i«ly on thou propulslmi systems to imivrdu lilt 
and attitude control moment* during (rover ami low speed (light For 
lifMnn trowerwl V/STOL aiictaft, two unconventional propulsion 
tyitgm types have been tnomueti. Die (tin type uses fans connected 
liy hot gas ducting, and the second type uws tans connected hv crow 
dtattlng. This paper presents remits ot an analytical study which 
Utentifies the basic stearty -state and dynamic characteristics tor each 
type ot system. For the gas coupled system, the control concepts 
analyrml were variable area loir tuilriuoi and throttling valws m the 
ducting, For the than coupled system, the control concepts analysed 
were vniinblepuiii tans and variable fan inlet guide vanes, All of 
these concepts am shown to lie capable of meeting V-"STOl mrcratt 
control moment ami transient icspouse requirement* when «p 
pro pr laic propulsion controls ant used Rath tvr.ui o( system has 
unlUiia problem aiuas which irttuue an integrate, I approach to 
alicrati -propulsion control itesign (Auttiut ) 


A 7738021 • Large quantity, high speed pressure itata rtcqui 

sition. I Aimenhout INASA. Lrwt* Reu-arrlr leiUt'i Oev,riarid 
Ohio). R. Keirui (Hoeing Cumnwin.it An plane t\< . Seattle Wash I. 
ami J C (creks IKuirle Scmrcunductiu Fruducts hit . Ridgehetit. 
NJI In Tire many disciplines ol Ihghi test: t’lmeediugs ot rhn 
Seventh Annual Symposium. 1 astsmmd Orcas Island. VYash , August 
4-f), I97ti IA/7 .tHtXtJ 17118) Lancaster Cali I . Society al flight 
Teg Engineers 19/6. p 20 t to 20 t6 

Approaches used lot conducting in High! pressure surveys lm 
y CtaR ate examined, raking into account ddlicultrey related to a use 
of scaiu valves svlitclt aie etufihsyed only in cases nr tslncli ttuue <y nut 
Sitfhcivnt siuce lot the mounting of individual trantdnceis in 
connection svitli attempts to etmimate these difhvultiey a new 
pontine survey module was nwuutacniiwl flip dimensioos ot the 
new module make rl possible to mount rt in places m which tire old 
scaoivnluir module could be mounted One ot the difficulties rotated 
to the use ot till- old scatvvalvv module has I xvn the risk ot data loss 
in flight in connection svuh the migration of foreign matter withm 
the tubmg In Hie new module an electnc.il sampling methnvl is 
cratslnyod to eliminate tins risk Attention is also given to an engine 
ground lest and pieltighi system and the development ot a 
calitualmn module , - i. 


A77 44324 * v Advanced turboprop technology development. 

J. F Dugan (NASA, Lewis Research Center, Cleveland. Ohio), 0, P 
Bencitr. and L J Williams INASA, Ames Reutaich Center Moftett 
Fteld, Calif.) Amen can Institute of Aenumitia etui AstmnautKS. 
Aircraft Systems and Tacfmology Meeting. Seattle. IHnfr., Aim 
ISM ft*tw 71 1223 16 p 1 1 rets 
In ordar for now stum medium range transports to ofhrt 
sigmficamly loiver operatmg costs than potential derivatives ot 
ctinom rteiigni using advanced technology, the efficiency improve 
moots of high streed turliopiop propulsion systems may be required. 
Recent studies indicate that the fuel savings o( advanced turboprop 
aircraft appears to be 10 to 20 ptticeni relative to equivalent 
tcchnnUgry turbofan aircraft Dune hiei savings are certainly largri 
enough to warrant further inreaiclr to estabtish the viability of 
turboprop transport aircraft Dm studies have rdentiturd the techtud 
'HIV ivquuvmcnti m propeller design tor high efficiency and low 
_ikuu\ fuselage none attemiatran, propeller and gear box matron 
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turboprop transport aircraft* 

a „. m ,2- , ^ ^•sA m JTSS"Jt 

figurations using «W«n»l Cleveland, OWo). Amen- 

Groesbeck (NASA. Lowis Resca'cti Camc^t' Aeroacous ,ics Con- 

can Institute of Aero ^.f ^f^ 'p.par 77-1317. 27 P- 5 
ference. 4ll>, Allan ra. Ga. f Oct. 3-5. Wf. 

refs. , , . obtained statically from 8 

Je ,/f. a p *on( lg ur.,t,ons with a cubical 

model-scale study STOj L. O ' Brious oxWr nnl deflectors 

noale mounted above tha w a 3 rf Th[! acoustic data am 

, 0 provide jjot llow 8 «"; n l n “ ® “ b 7 et/llap interaction noise 
correlated in terms lth nuclua , ln g lilt, trailing edge, 

contributions associated ptnTW v variables considered include 

and configuration wake noisa SQ S1ZC , Finally, the con- 

deflector geometry, Map ’ ««'"9 f ^ awd ° to sMtic lift and thrust 

SSnhl order to provide msrgh, into possib.e acoustic/ 

aerodynamic performance trade-off benefits. ,A 


HTT i W T'i Pratt and Whitney Aircraft, East Hartford, Conn. 

?f X,ZT.*Tr*X™“ •»” - * 

(Contract NAS3-18S3BI Avail: NTtS 

(NASA-CH-135124; PWA-sawr 

HC A05/MF A01 CSCL21E temoaralure distortion 

Circumferential Inlet pres sure The 

testing of the TF30 P-3' u " 0 ndhions run was modelled 
compressor system at tha CO niDrtssof modal 

according to * 1 portion configuration modallad 
Aspacts of an^Mj^rahon ana a* pt assure- 

include the affacts of “ P d c j,cu referential distortion 

temperature rtstoition align ® * dilWrt ion amplitude* and 

extant. Modal pr^*tion» forllmh^ra* ^ w(re comp artd 
flow distributions within tfwwmpi trends. Ralativalv 

with test results in order I "^*,,, 1,0 identified the 

good Bflraamant tha stithUiitiaimB component* which 

tow pressure compressor a. the stall initiating co s~ A uthor 

waa in agreement with the data. 


A77-51073 * # lSTr-S* 

tests. J. Goodykoontz mO G!BVfl | al , di Ohio). American 

Center , V/STOL and N jV* ' ffcs Aer oacoiiStics Conference, 
institute Of 77-1318. 20 p. 10 rots. 

1th . Atlanta. Ga.Oa. 35. - (of Jta(jc acoustic tests of a 

Experimental results ar P thrust roverser. The 

t/W scale model ’W V* applu . able , 0 the 

model configuration simulates a gnfjinc _ Aerodynamic 

over thc-wmg short-haul arivan designs identified eon- 

screening tests o> ' ir'Lri tbrus. raqmmmen, of 3B percent 
figuvations that S8t,5<,ad a , surc ratio of 1.29, The variations in 
of forward thrust at a n0 ‘ z blocker door angle. blocker door 

the reverser configuration it - ft tlc data are presented 

l,p angle and shape and ** Thc model data scaled 

and compared for the vanou purccivod noise 

, 0 a single foil site engine show M 98 ,o 104 PNdB- 
levels at a 152.4 meter sideline distance range (Author) 


aa^war*SBS«- « 
5TV— « L «.» ««* »™ 

t03 p rols 

(Contract NAS3-195221 7K .cg 272I Avail NTIS 

(NASA-CR-2766. Rent 76AEG2721 

HC A 06 /MF A01 ® L 203 meihodologv method D. 

Tho dovutopmont o lo 5te3 dv $tau» and unsteady 

was documented and its oppl bosod upDn 010ENT, 

data was demonstrated '““ ”j | MV based upon tha o»r»llal 
a NASA-taPC d.stomon them to a set 

compressor model, warn inve goto^ ^^P was , hen applied to 
of steady state data The tos co , rq iotion achieved with 

an independent data sat The good cow ^ ^ ^ abov „ 
this data set showed triat mo dMa WBW aI , a | v ,»d 

methodologies. 158 ^ p lmhodoioHV This Analysis pointed out 
by using tho method 6 methodology ' plBSSum defect 

that the method E 888s r dtBS rt 7 nd '" n Aulhor 

(aval as well as corrected speed and pallam. 


06 AIRCRAFT INSTRUMENTATION 

Include* cockpit end cebln display devices; and flight 
Inattu manta. 

For related Information aaa alto 19 Spacecraft Instrv- 
mantatlon and 35 IntlnimmttHian am# Photography 


N77-22105*f National Aeronautics and Spaca Administration 
Lewis Research Center. Cleveland, Ohio 

ANALYSIS OF DYNAMIC INLET DISTORTION APPLIED TO 
A PARALLEL COMPRESSOR MODEL 

Leon M Wonzul and Ranald J Blaha Washington May 1977 
24 p refs 

INASA-TM-X-3522, E-89791 Avail NTIS HC A02/MF AO' 
CSCL 21E 

An investigation ol surge was conducted by using a patallel 
compressor model of the J85-13 compressor implement on an 
analog computer Surges ware Initiated by various typos of 
dynamic disturbances in inlet pressure The compressor modal 
was less sensrttve to disturbances of short duration, high frequency, 
end tong duration where the compressor discharge prasiure could 
react Adding steady distortion to dynamic disturbances reduced 
the amount of dynamic dtslurbance required to affect surge 
Steady and unsteady distomons combined linearly to reduce surge 
margin Author 


N 77,22t04*|? National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

DYNAMICS OF HIGM-RYPASS-ENQINE THRUST REVER- 
SAL USING A VARIASLE-PITCH FAN 

John W Schaefer. David R Sagetser. and Edward G Stekollch 

Washington May 1977 35 p refs , , ... 

(NASA-TM-X-3524 E-90261 Avail NTIS HC A03/MF A01 

CSCL 2tE 

The test program demonstrated that successful and rapid 
forward-to reverse-thrust transients con bo performed without 
any significant angina operational limitations for fan wide pitch 
changes through either feather pitch or flat pilch For thraugh- 
leather-pitch opeiation with a flight inlet, fan stall piobtems 
ware encountered, and a fon blade overshoot technique wei 
used to establish reverse thrust Author 


N77-22107*# Notional Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio 

PRELIMINARY STUDIES OF AUTOIGNITION AND HAIH- 
RACK IN A PREMIXING-PREVAPORIZING FLAME TURE 
5S?NG JET a"uEL AT LEAN EQUIVALENCE RATIOS 

Cecil J Marok. Leonidas C Papathakos, and Peter W Vorbulscz 

». l5 HC A02/MF AO. 

CSCL 2TE 

Lean equivalence ratios tram 0 3 to 0 7 wore obsoived 
Combustor inlet air prossuros wero varied frorn 0.54 to 2.5 WPa, 
combustor inlet an temperatures from 550 to 700 K. end rotorenca 
velocities from 8 to 35 maters pBt second Auloignitiondalay 
times ranged from 15 to 100 milliseconds and varied Inveisely 
with pressure The Arrhenius activation energy was 41,840 (oulas 
per mote Tempeiaturo rise data were obtained in a long 
piemlxlna-pravaponzing lube et a pressure ol 0.66 MPa Predame 
temperature rise data wens a function of equryalenco ratio, total 
air tamoeratuie. and tube residence time Significant temperatute 
rsr temperatures of 760 K. with autolgmlion 
occurring al 775 X lor aqu.vatence ratios greater than 047 
The reactions were similar to cool-flame phenomena Flashback 
velocities were measured at temperatures ol 8t0 and 700 X. 
oressure of 0 56 MPa. and oquivatenco ratios from 0.6 to * 
Flashback vatocHios vadod from 30 to 65 meters per 8fiCt ^ lhor 
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AIRCRAFT PROPULSION AND 
POWER 

***&&!& «* 

Production tmj Conversion, Wl ‘ • w * <4 **<*r 
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S*""^ 3lmn athanad alloys based on .h, S A “ a lt 
Compositions hove boon identified «,hirh .« A “VStetn 

m,t * ,ha,wai s 

siF^lsii 

Author 
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ass^rir-r 

A carbureted uirciaft unumu was oparatud over u ranne of 
* 1 ooditnms to BSttblmh the exhaust tavots uvor ihe 9 EPA 

iii'iir" l "w' tn " l(1 a<ouml ,h0 standaid 2S dog HTOC from 30 daa 

xx^-isrdrtS 

raaru: 

NO* omissions increased The EPA omission ot.nrt.r*' 

nup.'rv 1 ^, 41 cSS , r V v ,e rr^rf 0 0 ^^ 

NX.s om,r s mnr « )D C e? 0 ^;r an5 ' nC ' M8,,d - .he 

Author 


Netiorutl Aeronautics end Space Administution 
lewis Research Center, Qovoland. Ohio , " on 

SUPERSONIC VARIABLE - CYCLE ENGINES 
W.thI Wll T97e < ' n n Wolliver (Boeing Aerospace Co.. Seeitlo. 

Eir 2 * «• & 5ratni2Mrts 

(NASA TM-X-73624) Avail wfTs HC A02/ME A01 CSCl 
^^Zfa™ is described. ProrowS 

^p^SLih,.^ CMh#d '.* h,ir d#sl9n » ■» *«* 35 t 8 

TNtSll^ ms P» rt0 'hnnce am identified 

„ include* i»nge. noise, emtsstons. and the time and attnn <> 

SSESSsHs^sS 

sss^sa 

,«su«r3^sS: 

K'g^ a-'cara.r *- *■*-—- 

SS^saraBjaraa 

, , M “ I *-MTO »C A02/MF AOI 

S&^SsSFSrwsSS 


s?s~i. £.r , cCr;rsr sp *" 

^suususrn: 

a s ^.swresss 

(NASA-TM-X 73490) Avail NTtS MC A02/MF AOI CSCL 

&sSsSSSr-^>sss 

iTri'i";?' ,rt rF-7 2 

is discussed 0 art ,0,a ">d engine components 

Author 
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mi tooM*# National Aeronautics end Spnco Administration 
Lewis Research Cental-. Cleveland. Ohio. 

EMECT OF AIR TEMPERATURE AND RELATIVE HUMIDITY 
AT VARIOUS FUEL-AIR RATIOS ON EXHAUST EMISSIONS 
ON A PER-MODE BASIS OF AN AVCO LYCOMING 0 320 
DIAD LIGHT AIRCRAFT ENGINE. VOLUME S: INDIVIDUAL 
DATA POINTS 

Michaal Skoiobitckyi. Donald V Cosgrove. Phillip R. Meng. and 
Edward R. Kempko Sap 1978 850 p 
(NASA-TM-X-73607. E-8916-VOI-2) Avail NTIS 

HC A99/MF AO I CSCL 216 

m caroureted tour cylinder air cooled 0 320 OIAO Lycoming 
aircraft engine was tasted to establish the effects ot air tomporature 
and humidity at various fuel-ait ratios on iho exhaust omission* 
on a par-mode basis. The tost conditions included carburetor 
lean-out at an tempcranonn nl GO. G9. 80. and 100 F at relative 
humidities of O. 30. 60 and 80 percent Temperature-humidity 
effects at the higher values of air tamporaturo and relative humidity 
tested indicated that the HC and CO omissions increased 
significantly, witch) tho NO* omissions decreased Evan at a fixed 
fuel-air ratio, the HC amissions increase and the NOx omissions 
decrease at Iho higher values of an tampuralure and humidity 
Volume II contains tho data ttikun at each of the individual test 
points Author 


N77-1 tOSO'f National Aeronautics and Space Administration 
lowis Research Center. Cleveland. Ohio 

SIMULATION OF FUOHT-TTFE ENGINE FAN NOISE IN 
THE NA8A-LEWIS 9X18 ANECHOIC WIND TUNNEL 

M F Heidntann and 0 A Diotitch Nov 1978 24 p rots 
Presented at tho 92d Meeting of tho Acousl Stic ot Am San 
Diego. Calif.. 16-19 Nov 1976 

(NASA TM X 73B40 E 89721 Avail NTIS HC A02>MF AOI 
CSCL 20A 

Flight typo noise as contrasted to tho usual ground static 
teat noise exhibits substantial reductions m tho time unsteadiness 
ul tone noise, and in the mean lave! of tonus calculated to lie 
uonpropagating or cut off A model fan designed with cut toff of 
the fundamental lone was acoustically tested m the anochuic 
wind tunnel undui both static and tunnel Paw conditions The 
properties that charaptorire flight type noise wore progressively 
simulated with increasing tunnel flow The distinctly lobud 
directivity pattern of propagating rotor' stator interaction modes 
was also obsaivod Excess noise attributed to tho ingestion of 
the flow distuibancos that prevail noar most static test facilities 
is substantially reduced with tunnel flow Author 


N7MtOH*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

EFFECTS OF FORWARD VELOCITY ON NOISE FOR A J86 
TURBOJET ENGINE WITH MULTITUSE 8UFFRESSOR 
FROM WIND TUNNEL AND FLIGHT TESTS 

James It Stone Jalfrev H Miles, and Noel B Sargent Nov 
1976 30 p rets Presented at lire 92d Mooting o( tho Acoustical 
Soc ot Am., San Diego. Calif 18 19 Nov 1976 
(NASA TM-X 73542: E-8974) Avail NTIS HC A03/MF AOt 
CSCL 20A 

Flight and wind tunnel noiso rests were conducted using a 
J85 hnbojot engine as a pait of compiehonsiva programs lo 
obtain an understanding of foiward velocity effects on jet exhaust 
noise Nendo configurations ot primary interest were a 104 tube 
suppressor with and without an acoustically-treated shroud Tho 

installed configuration of tho engine was as sitnilji ns possible 
m tho flight and wind tunnel tests Exact simultaneous matth-ng 
of engine speed, oxluust velocity, and exhaust temperature was 
not possible, and tho wind tunnel maximum Mach number was 
approximately 0 27 whilo the flight Mach number was ap- 
proximately 037 tho nominal |ot velocity range was 450 to 
040 m/sec For both expanments. background noise iimnod the 
l«l velocity range lor which significant data could bo obtained. 
In the present tests the observed directivity and foiward velocrty 
effects fut the suppressor ate mure similar to predicted trends 
lot intemetty-generated noise than unsupptossed lot noise 

Author 


N77-11052*# National Aeronautics ami Space Administration 
Lewis Research Canter Clavoland. Ohio 

MACROSCOPIC STUDY OF TIME UNSTEADY NOISE OF 
AN AIRCRAFT ENGINE DURING STATIC TESTS 

8 J Clark M F Heidinann and W J Kreim Nov 1976 
14 p rets Presented at tho 92d Mealing of thn Acoustical 
Soc ot Am San Outgo Calif 16-19 Nov 1976 
(NASA TM-X 73856. t 89951 Avail NTIS HCA02/MEA0I 
CSCL 20A 

Static tests ot airciatt anginas can exhibit gioolci than 10 db 
random unsteadiness ot tone noise luvols because flow disturb 
ancus that prevail near test sun facilities are ingested Presumably 
such changes are relotod to installation and test sito features 
Some propitious ot unsteady noise observ'd*! during rests of a 
Lycoming YF t02 uirbofnn engine are presented Time and spatial 
variations m tone ikhs« obtained from closely spaced far frulri 
and mint duct microphones are displayed Long to exitomoiy 
shod intuTnnireni tone bursts ere obsarved Unsteadiness of Iho 
tone, its harmonics, and lire broadband noise show little sinulonty 
In tho tai held identity ot tone bursts is retained ovei a directivity 
vOfllo ot less than tO (leg In the inlet duct, tone bursts appear 
to propagate axioby but exhibit little circundcreiiti.il similarity 
they show only slight relationship to tone hursts observed in 
tho fai hold file results imply an intermittent generation ot 
random mixtures ol propagating duct modes Author 


N77-11053*# National Aeronautics and Space Administration 
Lewis Research Cuntoi Cleveland Ohio 

CORE NOISE SOURCE DIAGNOSTICS ON A TURBOFAN 
ENGINE USING CORRELATION AND COHERENCE 
TECHNIQUES 

Alton Karchntei and Mover Roshotko 1976 27 p rets Presented 
at the ninety second Meeting ot tho Acoost Soc ot Am San 
Diego. Cold 16 19 Nov . 1976 

(NASA TM X 73535 E 890 II Avail NFIS HCA03 MFA0) 
CSCl 2 If: 

fluctuating pressure measurements at several locations within 
tint cote ot a tuibofun engine were made simultaneously with 
tar tioid acoustic measurements Cuiielntion and coherence 
tedhutuuos wore used to determine iliu relative amplitude and 
phase relationships between core pressures at these various 
locations and between the coin pressures and tar field acoustic 
pressure The cumbustoi is a low heguuncy source region foi 
acoustic propagation through the core nettle and out to the tar 
field Hip relation between -source pressure and (lie resulting 
sound pressure involves a 1 80 degree phase shift amt an amplitude 
tro>- lei function which vanes approximately as frequency situated 
This i .consistent with a simplified modal using lluctuntmg entropy 
as a source term Author 


NT? 11056*4 National Aeronautics and Space Administration 
Lewis Itoseafch Cental Cleveland Ohio 

PERFORMANCE AND EMISSION CHARACTERISTICS OF 
SWIRL-CAN COMBUSTORS TO NEAR STOICHIOMETRIC 
FUEL AIR RATIO 

Lauy A Diehl and Arthui M Trout Washington Nov 1976 
41 p rols 

(NASA TN D-8342. 6 87 18) Avail NTIS HC A03/MF AOI 
CSCL 216 

Emissions and pailormanco chaiactorishcs wore duloreenod 
loi two tu'l amiolnr swirl con combustors operated to noar 
stoichiometric tool an ratio Tost condition v.vianons waio as 
follows combustor mlot-nu temperatures 589. 75C 839. and 
894 K reference velocities. 24 to 37 meloiB pei second, inlol 
pressure. 62 newtons put square centimeter and (uei-oir retios. 
0015 to 0 065 The combustor avoiauo exit tomporature end 
combustor efficiency were calculated from the combustor 
exhaust gns composition Foi fuel air ratios greater than 004 
tho combustion efficiency riocieused with increasing fuel ail ratios 
m a itooi lineal manner Increasing the combustoi inlet air 
temperature tended to offset this decrease Maximum oxides of 
nitrogen emission indices occuned at intermediate fuel-au ratios 
and were dependent on combustoi design Carbon monoxide 
levels were extremely high and were tho primary cause of poor 
combustion afliciaucy at the higher fuel at' ratios Unburnad 
hydrocarbons wore low for all tost conditions For hath fuel air 


ratio* SAE smoke numbers greater them 26 wore produced, except 
at the highest inlet sir temperatures Author 


Nt?110V'i National Aeronautics end Space Administration 
Laws Research Center. Cleveland. Ohio. 

METHOD OF DI8CMCTC MODELING AND IWMFMCA- 
TION TO ESTIMATION OF TF30 ENGINE VARIABLES 

Dale J Arpasl end William M Bruton Oct. W6 40 P ’*'* 
(NASA-TM-X-3443. 6-86601 Avail NTIS HC A03/MF AOt 
qcj0i 2 1 E 

A method of discrete modeling is presented that effectively 
isolates steady state man. accuracy from hv'^mic mudel 
accuracy The steady state modal mev he Generated fiom the 
angina design equations with ony desned degree o' accuracy 
The dynemre model la generated by applying » step disturbance 
of e manipulated variable to an open loop enalne stmulehom 
The sampled response of the variable ts combined with the steady 
state model s response to fotm a set of we.fllit.no fectcus These 
weighting (actors aie then used to weight past values of the 
manipulated vanablo, thus forming the dynamic model The method 
,s used to estimate va.ious TF3Q-F-3 engine variables A dynamic 
Him function is duvolopod to compensate for the dynamic 
nonltnoamie* of the vatiahlos as well as fot inyyuiectta m 
dynamic definition The mm function is shown to tie malted to 
the square loot of the sum of the squaies of tile weiuluinp 
footois nlilaim.il at vamtus engine operatmq conr'.tiolts finally, 
the estimation of variables without dynamic mortul ^* 
discussed 


N77-130H‘| National Aeionautics and Space Administration 
Lawns Research Center. Cleveland. Ohm 

COST/ BENEFIT ASSESSMENT OF THE AfP ^ATt jDN OF 
COMPOSITE MATERIALS TO SUEoONIC COMMERCIAL 
TRANSPORT ENGINES 

J R Faddoul and R A Signorelli Nov 1976 33 p rah 
(NASA TM X 73557 E 8996) Avail NTIS HC A03/MF A01 
2 ) H 

Results horn a number of studios concerned with the cost 
and benoMs of applying advanced enmposito materials to 
commniciat tuibofan engines aro summoorod Fot each application 
orea the qptimistic and pessimistic bunoM prelections weio 
averaged to omvo at a pioiocted yearly percontago fuel sovmgs 
tot a commercial flout of advanced technology transport auciatl 
Engine components included m the summary ora the tan 
suction which include* Ian blatios. fan home/ case. and thu blade 
containment ring: the nacelle, and the high p.ossuru turbine 
blades and vonns The pioiocted fuel savings resulting horn thu 
apphctUion ol composites are 1 85 peicont fot the Ian suctiom 
1 75 percent lor thn nacelle and 2 35 puicent loi thu high 
pressure lurbino Author 


N7T-130EB*# National Aeronautics and Space Administration 
I Aiert, Rasoaich Ctmioi , Cluvolttuti, Oiiiu. 

INTERIM PREDICTION METHOD FOR TURBINE NOISE 

Eugene A K.eisa amt Michael F Valor.no Nov 1976 25 p 

[naSA-TM X 73566. E-9Q1S1 Avail NTIS HC A02/MF AOt 
(2SCL 2 

A lurbino norso prediction method to. interim use m the 
NASA Aiicroft Noise Prediction Piogiam is selected The method 
predicts the level, directivity, and one thud octave hand spenua 
of far held turbine oorae as a function of angina paramete * 
Tho soloclinn resulls from a review of tuibma noise data and 
piedlction methods aveilablo in the open Mamtuin It 
that the stato-oMho-ait turbine noise piodiction capability is 
primitive and that the selected method represents only a '«"'P Q,at » 
mteriin appioach Recommendations made on research 
requirements 


N77-H07S 1 National Aeionautics and Space Administration 
Uwi 9 Research Center. Cleveland. Ohio- .......me 

DUAL OUTPUT VARIABLE PITCH TURBOFAN ACTUATION 

H2?M «Su J. IGt Cincinnati! end Cad JL Bmmam 
inventors (to NASA) (GE. Cincinnati) Issued 30 Nov, 1970 
10 p Filed 21 May 1975 Sponsored by NASA 
nuneo-CaaB-LEW- 1 24 1 9- 1 . US-Patant-3.994.128i 
US^Patonl- Appl- SN-67937 8 ; US Petent-aa*e-6D-228R; 
US-Petent Class-416- TOO US-Paten«-ClaM 4 1 6- 1 62; 

US- Patent Oass-4 18-168. US-Patant-ae»S-4 16' 67 
US-Patem-aaas-418-153) Avar! US Patent Office CSCL 

2tE An improved actuating mechanism was provided for e g»s 
turbine engine lncoipotatin B fan blades of the vaiiabte P'd'VSi 
the HMuator adapted to tntate the individual ten blades witnm 
ape an associated fan disc. The actuator 

such as a pair of synchronising ring gear*, one on «»<* side of 
the blade shanks, and adapted to anflago plelonsdiipoMdthemom 
Maans were ptovided to impait rotation to the dng B»*i* n 
£m«mb effect rotation oftha hied. . hank. In 
lesponse to a predetermined input signal In the event of system 
S . runaway actuator was p, evented by an improved 

brekinn device which arrests the mechanism .. 

Official Gatetto of tho U S Patent Office 


N77-14031*# Nanonel Aeronautics and Space Administration 

SMALU W L0W COST. UUNHWMM TURBOJET ENGINE. 

I PERFORMANCE CHARACTERISTICS 

Robert P Dengtoi and Lawrence 6 Macioco Washington Dec 

i’nASA TM P X 3463. E 0775) Avail NTIS HC A03/MF AOt 

CSC A 2 amall osponmemal os.al-flow tu.bo.ot engine was tested 
a, se.Tev.1 static conditions and over a range ol simulated 
night conditions to evaluate rts pmto.mancb as weU as to 
demonstrate the feasibility ot low-cost cuneet) '* 
design. Testing was conducted at enome speeds as high 
37.000 rpm and at turbine inlet tomporatucaa as high as 
1.272 K For maximum speed thn ongme produced a not thrust 
ol 3 1 18 nowtons at sea level static operation and 2.318 newtons 
at its ci u iso condition ol MO 0 8 and 6.096 meters Data 
ohtainad ovor a tango of Inlet Reynolds number indexes for 
nominal MO ol 038 revealed sunilnr effects or trends on 
compressor cbaractonstics of those previously established for 
much large, engines Author 


NTT- 14032*1 National Aeionautics and Space Administration 
Lewis Research Center. Cleveland Ohia 

ccrcfT OF EXHAUST OA8 RECIRCULATION UN tmitt- 
SIONSFROM A FLAME -TURE COMBUSTOR USINQ UQUID 

CpciI* ^Mofok and Robert R Tacma Washington Dec. 1978 

?NASA-TM X 3464 E 88031 Avail NTIS HC. A03/MF A01 
TRCL 2 1 E 

The effects of uncorded exhaust gas ™^' ll »'' 0 " 8san d ''" o '’ 
diluanl on omissions of oxides ol nitrogen INOj »»» “ 

combustion ulliciency were investigated Ratios of e^.crilMod 
combustion products to mlot airflow went varied mm 10 to 
80 nefeunt by usii'Q on mint *if oinctof nosilo L Q 
KieUvns used Ttw llamo tub® combustor wan tO 2 cm in d.amewr 
it was opeiotad with and without a flameholder present The 
combustor pressure was maintained constant at 0 5 MPa The 
emnvalance ratio was vnttod horn 0 3 to 1.0 The Inlot a 
tempeiahjro was varied horn 590 to BOO K. and the .ote.enc, 
velocity from 10 to 30 m/ser Increasing tho 
from 10 hi 25 had tho following effects til the peak NOs 
emission was decreased by 37 pe.com. from 8 to 5 g N02/hg 
Ml at an inlet air temperature of 590 K : and a refe.en^ veloc^ 
of 15 m/soc, 121 tho combustion efficiency wan l"« aa **£ 
oarticularly at tho higher equivalence ratios, and 13) for a high 
comhushon "efficiency* of Qie.to. than 99 6 pement the mo* 
of operation of the combustor was nearly doubled m terms ol 
equivalence rot.o Inceas.ng the recirculation horn 25 to 
50 percent did mil change the emissions significantly Author 
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N7MH17'| National Aeronautics amt Space Administration 
l.Wls Research Cantat, Cleveland. OWo. 

EFFECT OF CERAMIC COATING OF JT8D COMBUSTOR 
LINER ON MAXIMUM LINER TEMPERATURES AND OTHER 
COMBUSTOR PERFORMANCE PARAMETERS 

Hatmut fe flutM and Curt H UotMrt ttoCv 10T0 *4 p 
(NASA-TM»X'73581 ; E9043) Avail: NTtS HC A02/MF AQ1 
CSC t 21G 

The affect ol eatamlc coating ol a JT8D comhuswt llnor 
was Investigated at slmul»ted cruian and tokoolt condition* with 
two <u«1» Of widely diftorom aromatic contents Subatantlat 
dtcitun in maiiinuim Knot lohipototures and tlamo radiation 
valuta wore obtained with the commicc.oatmi llnor Small 
reduction* in exhaust gas aronko cOTcanttaiion* wore 
with the ceramic-coated liner, OlUV parfoimancq patamatoTS 
auch aa combuatlon oflic.aney and emission* o nnhumod 
hydrocarbon*, CO. and NO* were not affactod significantly^ No 
dateiioratitin Of the ceramic coating was observed ahor about 
B hour* of cyclic operation including several stattups anti 
Shutdowns Au, °' 


N77-1706A*# National Aeronautics and Space Administration 

Lewis Raseaich Center. Oovaland Ohm. tuRBOFAN 

CORE NOISE MEASUREMENTS ON A YF-102 TURBO**" 

Mayer*Re 5 tiutlu>. Allen Kaichmui Paul F Ponko, and Jack G 
McArdle 1977 27 p rots Presented at Itllh Aerospace 

Meeting. Los Angelas. 24-26 Jan aSI MP AO t 

(NASA-TM-X.73B87 E-9Q50I Avail NTIS HC AUJ,wr 

CSC Co^ 0 i*« from a YF-102 high bypass ratio uubolan angina 

-5ss«* <“ “ i * rrsrzrss” 

of mtornat lluctuatlng Rtessuras and far field J " „ 

waveguide probes, located in the engine at the compressor ®* 

rroU^Sdromeatro^ 

Tho^d that th. internal signals were tree of tones. 

ol maximum fan speed the low frequency core noise coninbut^ 
significantly to the far hold noise 


NT7-T705S* National Aeronautics ond Space Administration 

Lewi* Research Comet, Clovoland, Ohio. 

REVERSE PITCH FAN WITH DIVIDED SPUTTER Patent 

Leroy N. Smllii, Jr . Inventor (to NASA) |GE, Cmclnitatr. Ohio) 
Issued 1 Fob 1977 6 p Fiiad 21 Apt 1976 Sponsored by 

INASA Case U;W-127eCl -1. US-Paront 4.006.57 A 
US-Patent -Appl-SN-569926; US-Patent-a«»s-flO-2a6A. 
US-Patont-Class-60-228) Avail US Patent Office CSCL 21 1 
A guide vane attangament Is described fot iwpi^ng fl» 
turbina peitormanco In the reverse thrust mode This l ow 
straightening method produces low losses m ,ho n “J* ‘‘"'f.roa 
a core engine during reverse thrust operations and allows isrge 

suuerchaiQinQ ol the corn engine during foiwatd thrust 
supercharging o onte( “, Ga „ tta o( , h< U S Patent Office 


N77- 17068*# National Aeronautics ami Spaco Administration 

JCS? ^SnSSS^Um^ FOR MODEL 
QCSEE OVER-THE WING CONFIGURATIONS ^ 

W Olson R Bums, and D Groesbsck 1977 - p 
Presented at 15th Aerospace Sci Mooting, Los Angeles 
24 26 Jan 1977: sponsored by AIAA 

INASA TM-X 73688. F. 3061) Avail NTIS HC A03, MF AIM 

CSC n;L’o E spwtra rn throe d.ntonsions and aerodynamic data 
we.e moasu.od lor a model ot the NASA quiet clean short ha d 
eaponmcntnl engine (QCSEE) over -tha wing configuration Tiro 
eHects of (lap length, noulo oshaust velocity and norzle gaometiy 
wi’rdl. 1 , misusing a single no,. he and wing an saorne, 
The scaled-up model data is representative ot full scale 
noise with the QCSEE angina 


N77-17062*# Natrona! Aeronautics and Space Admimstiation. 
Lewis Research Comet. Clovoland. Ohio 

FLIGHT EFFECTS ON EXHAUST NOISE FOR TURBOJET 
AND Tl x 80FAN ENGINES. COMPARISON OF EXPERI- 
MENTAL OATA WITH PREDICTION 

James ft. Stone 1976 21 p rets P.e.omod at 92d Meeting 
of Acoustical Sac of Am San Dingo. Calif Mb >9 N ov 1976 
(NASA-TM-X-73S52. fc 8990) Avail NTIS HC A02/MF AOt 

CSCL 20A . , 

It was rfomonftialod that stutic and m Ihght lot engine oshaust 
none c «n ba practiced with roasonable accuracy when tho multiple 
source natiiie ot tho problem >s taken into account Jot mixing 
none wes ptedictod from tha Intotim prediction method 
Provisional methods of estimating rnwronttv gonmatod noise and 
shock noiso (light gllacts wato used based partly on eaiatrng 
prediction methods ond partly on recent tepoiwd engine data 


N77-17063*# Notional Aeronautics and Space Administration 
Lewis Research Cantet. Cleveland Ohio 

PREDICTION OF LAMINAR AND TURBULENT BOUNDARY 
LAVER FLOW SEPARATION IN V,-8T0L ENGINE INLETS 

0 C, Chou (towa UmvI. ft W. Luidens, and N O Stockman 
1977 16 p rots Piusentod at t6th Aerospace Sci Coni. Los 
Anoalet 24 26 Jan 1977. sponsored by AIAA 
|N AS A-TM-X 7 357 5 . E 90281 Avail NTtS HC A02/MF AOt 
CSCL 2VE 

A description is presented ot tho development ot the boundary 
layer on the lip Olid diffuser surlaco ot a subsonic inlet at arbitrary 
operating conditions ol mass flow into, boo stream velocity and 
incidence angle Both laminar separation on the lip and turbulent 
separation in the ddfusor aio discussed The agreement of the 
theoietical results with model axpoiimnntal data illustrates tho 
capability ol the theory to predict separation The altacis ot 
throat Mach number, mint sue. and surface toughness on boundary 
tayar development and separation ore illustrated Author 


N77-1706B*# National Aeronautics and Space Administration 
Lewis Research Como. Cleveland Ohio -run auric 

COMPOSITE HUBS FOR LOW COST GAS TURBINE 

c**c*Ch?mis 1977 14 p rofs Prosoiii.id m tho 32d Anmiat 

Cent ot the Reinforced Plastics o< Compos, tes lust 
D C 8-11 Fob 1977 sponsored by the Soc ot tho Plashes 

INASA TM X 73678 E 90381 Avail NTIS HC A02/MF AOt 

CSC ft detailed stress analysis was performed using NASTRAN 

to rtomonstiaie theorohcalty die adequacy ot 

tor low cost untune enume applications Composite huts «e 

adequate to. this application Iron, the steady suite stie« vrow 

paini 


1117^7007*# National Aeronautics and Spaco Administration 
Lewm fUwwaich Contor. Clovoland. Olvo 

tcBifT OF FLAME fitAIIUZGM DESIGN ON PERfOKM* 
AlIc^AND EXHAUST POLLUTANTS OF A TWO-ROW 
JwiBLCAN COMBUSTOR OPERATED TO NEAR- 
STOICHIOMETRIC CONDITIONS . 

James A B.galow and Atlhur M Trout Fob ' 977 .Op rets 
(NASA-TM X 3495. E-83171 Avail NTIS HC A02/MF AOt 

CSC Em,lsruns and portormance charactrms.ics wo,e 
(or two hill annulus modulai combustors opo.alod to near 
stoichiometric tool an ratios The tests ware 10 " 

stoichiomotnc data at mlot air tompoiatuios Irom 765 tu a9 * * 
and lu dototm.ne tho othrets ot J flat plate tiucutor llama stab. >tar 
with upstream hrol in|oction and a comiasw.il Home statiihnrr 
with downsttoain tuel mine tun Levels ot unburned hydrocarbons 
worn below 0 50 gtam pty kilogram ol tuel for both ^mhusto.s 
and thus Ihoio was no dmuctrtblo diflmenco in pro two method* 
of fuel iniection The co rttaswid llame stabiluor did not produce 
“he level of mi.ing m, tamed with a hat plate circular Ham. 
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Increasing w"h fu , 1%-T ,avol# w *'° «*" 
0.045. r 10 ma,cirnum *»stod value of 

Author 

N»rt7070*| National Aeronautics and Space Administration 
Can, « r - Ctavaland. Ohio ' • l ' 0n 

b m ”V 

CSCL^Ie 1 X ’ 3446 E a8481 Av *' r NTIS Mc A03/MF A01 
and H!mr" )a . turad d ' !,r ' bullon 01 compressor interstage pressures 

tr a ,ao dBB 

71, i?. 1 . J85 ' 13 tu,t ’ c l 8 ’ °<’B'"e is reported Extensive 

hS nl« ITT"™’'*'' 0 ." CQ,n&ln8d w,h ««P"*c. rotation of 
ThV atl £*E£" ° aV ° ° f hioh c "c«nferem.nl resolution 

I.,,!.. 2 dy 1 ‘ p,oss,,rra °"d tompoietuias along with tho 

_ “ y . 0o - ond 'OCV parcont of rotor dosmn apoed are 

oreZit' JZZ lundl5,u " odi fl»«v condibons to show 

w " h ' n »'« compressor Both 
vXn He. 8 TfT® c «repressor performances vaiv only slightly 
whan c o, n and distorted mint condl.mns are compared Total 

“owstaoa, TT’** MC,osso in «™pl.mde w the first 

re re o a, , ,‘7"’”'!' am * ,hon •«““»«■ fairly unifo.mly 

bv tho mtu » d'achatgo. Total-tomporature distoitton induced 
fust sre dl ' ‘ m ! C ’" ,uudled 8 reaxHoum amplitude by th« 
r ’ 005 n" d docoyod 0,,| v o little through tho rest of 

h? sc X^does ***** (0nd0d lo P ™* «"0 with 

the sciertn edges, and. except (or total and static pressure in 

tha bp tone, there was little swirl in the astal direction Author 


N77-170B1*|I National Aeronautics and Space Admimstratinn 
lewis Research Comer. Cleveland, Ohio, muusfraiton. 

INTRODUCTION TO NASA CONTRACTS 

SZ* tTVie J r 2 2sT 2 « p ;r En9 

N77- P 17081 P 08 07| 226 226 (F< " I' 1 ""ary document see 

Avail NTIS HCA1G/MFA0I CSCL 2IE 

I** NASA Lowis Roseatch Center issued requests for proposal 
o Avco Lycoming and Totedyno Continental Motors for a 

tinns*in U *lr° ,,0rt !° * s,abll3h and demonstrate engine modillca- 
’ ’ ,oduC8 e " b8uM "missions safoly with minimum adverse 

wis rednrrn S, r T Q '"' a " d luo1 oconomy T h« secondary objective 
was reducing fuel consumption Author 


N77.170M*# National Aeronautics and Space Administration 
lewis Research Canter. Cleveland. Ohio 

EMISSIONS AND NEW TECHNOLOGY PROGRAMS POP 
CONVENTIONAL SPARK. IGNITION AIRCRAFT ENGINES 

William T. Wmiucky in -Is Aucraft Piston Eng Exhaust Emissions 

nTX 70^08 07? ” 29 ”' 4 IF °' W " , ” , ’ rV dnCum01 ' 1 — 

Avail NTIS HC A18/MF AOt CSCL2IE 

A long tango technology plan in support of general aviation 
engimrs was formulated and ,s being implemented at the lewis 
Research Center Tha overall program was described, and that 
pan of tho program that represents the m-houso oflon at lewis 
was presented in detail Throe areas of government and industry 
ebon involving conventional gene.-al-aviation piston engines were 

f’ai r V,A e* CO<, ' d ' na,ed °" mal1 pton 1,1 FAA / NASA ,omt piogram 
* ™*’ ,rac ? "’‘f'Pusf emissions pollution reduction piogiam, 

and (at NASA m-houso omissions roduction and now technotoav 
p,0 »' an ’ Author 
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* National Aeronautics end Space Admmistrotion 
L«WI8 Hesoafth ^ntor. Ctevoland, Ohio 

SUMMARY REPORT ON EFFECTS AT TEMPFH atiiae 

Avail. NTIS MC AfC/MF AOT CSCL 2TE 

cha»el'iB»» adfa,a ?^ an0,nO m0d0ls W ' W ,09,od to experimentally 

in ^ fueha retT^rt" 8 “s'* t0 do,olmmo "'■> o«®cts of variation 

ODOtatmn IT* 7 P0 ' k t "”’ n ° 0I ' un ’ ls8 ' 1 ’" 3 lovols and other 

TO aecotm m ' r T ™ T'^ mMnn «~ '“‘•Ohnws. 
power acceleration, etc Tito results are given ol two NASA 

«^?ac C a 0 niT m9 . ,hO i A ^ 0 LvC0 '”"’° 0 ' 320 D o"fl"'a testing and 
rao'360C V engme '° SU ' ,S 00 ro,od V- w Contmemel 

" Author 
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*77-18014*# National Aeronautics and Space Administration 
lewis Research Center, Cleveland. Ohio 

CONTROL OF PROFULUON SYSTEMS FOR SUPERSONIC 
CRUISE AIRCRAFT 

Kilby W Hiller and Daniel I Drain In its Proc at the SCAR 
Coni., Pan 1 1976 p 399-415 tufa (For pnmoty document 

see N77-17996 09 01) 

Avail NTIS HCA21/MFA01 CSCL 21E 


N77-1801B*# National Aeronautics and Space Administration 
lewis Research Comer. Cleveland. Ohio 

COMPOSITE MATERIALS RESEARCH IN SUPPORT OF 
SUPERSONIC PROPULSION SYSTEMS 

Robeit A Siguorolli In its Pioc ol the SCAR Cont Pail t 
1976 p 457-468 tqfs (For pn-rasy document aeo N77- 17996 
0901) 

Avail NTIS HCA20/MFA01 CSCl 21 E 


N77-18024*# National Aeronautica and Space Administration 
Lewis Research Center, Cleveland. Ohio 
TECHNOLOGY FOR CONTROLLING EMISSIONS OF OXIDES 
OF NITROGEN FROM SUPERSONIC CRUISE AIRCRAFT 

Gregory M Reel and Richaid A Rudov In its Proc ot the 
SCAR Conf. Pt 2. 1976 22 p tufa (For primary document 

sea N77- 18019 09-01) 

Avail NTIS HC A23/MF A01 CSCL 21E 


N77 141B7*# Nanona' Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

COLD-AIR INVESTIGATION OF A 31, 2-STAGE FAN-DRIVE 
TURBINE WITH A STAGE LOAOING FACTOR OF 4 
DESIGNEO FOR AN INTEGRAL UF1 ENGINE. 2: PER- 
FORMANCE OF 2-. 3- AND 3 1/2 STAGE CONFIGURA- 
TIONS 

Warren J Whitney Feb 1977 29 p refs 

(NASA TM-X-3482, E 0874) Avail NTIS HC A03/MF AOt 

CSCL 21E 

The stage work distilbution among the throe stages was 
very close to the design value The specific work output-mass 
flow charactenstics ol the thioo stages woie closely matched 
The efficiency ol the 3 1/2 stage turbine at design specific 
wotk output and design speed was within 0 008 of the estimated 
value, and this agreement was fall to domonsnatc the adequacy 
of the prediction method in the high stage loading factor 
regime Author 


N77-181S9*# National Aeronautics end Spnco Administration 
Lewis Hesoaich Cuntei. Cleveland. Ohio 

EFFECT OF ENOWALL COOLING ON SECONDARY FLOWS 
IN TURBINE STATOR VANES 

Louis J Goldman and Karry L Mclnllm 1977 29 p lets 

Presented at AGARD 49th Propulsion and Energetics Panel Conf. 
The Hague. 28 Mar - 4 Apr 1977 

(NASA-TM X 7356B) Avail NTIS HC A03/MF AOI CSCL 
21E 

The effect ol nndwall cooling on the secondary tlow hohoviai 
and the aerodynamic poiformence of a com turbmo stator vane 
was determined. Iho investigation was conducted in o cold-oit, 
lull-annular cascado, where t hr no -dimensional offects were 
obtained Two ondwall cooling configurations worn tested In 
the fust configuration, the cooling holes wore onomed so that 
the coolant was iniactad in lino with the invlscid stroamlino 
diiechon In the second configuration, the coolant was infected 
at on unglo of 15 dag to the mviscid stroamlino diiechon and 
oriemuri towards the vane ptossuie stator In both cases tho 
stator vanes weie solid and uncoalod so that the otfocr of .indwell 
cooling was obtamod dnoctly Total piossuro surveys were taken 
downsttoam of the stator vanes over a range of cooling Rows 
at tho design, moon-iodius, critical velocity ratio of 0 778 Changes 
in the total -pressure contours downstream ot tho vanes were 
used to obtain tho offset of ondwall cooling on the secondary 
flows in the stator Author 


N77-18160*# National Aaionanlics and Space Administration 
lewis Rosnnrch Contoi. Clnvelimd, Ohio 

APPARATUS AND METHOD FOR REDUCING THERMAL 
STRESS IN A TURBINE ROTOR Patent Application 

J A Holler, mventm Ito NASA) Filed 4 Mar 1977 13 p 
INASA Caso-LEW- 12232 1 US-Patent Appl-SN 776029) Avail 
NTIS HC A02/MF AOI CSCL 21E 

A gas tiubinu is provided wliuroin thn thermal stresses in 
tho tutbino rotor are reduced Tho rotor includes o central disc 
with a peripheral nm, and a plurality ol hladus emending -ndiitHv 
outwardly horn the um. and to <educo thermal stiossos. n duct 
oirangemont is provided winch solectivolv duocts hot gnsns front 
the tuibmo combustor to the nm during the turbine stmt up 
Thn hot gases from the combustor servo la host tho run and 
thus docreoso tho start up period nocessaiy to bring tho 
lumpoioturo profile of tho rotm mlo the opointmg lomporalure 
range Aftm tho start-up ponod. tho duct arrangement is then 
used to direct cool gases from tho turbine comptessor ra tho 
rim ot tho intot in otdei to maintain u lower roloi equilibrium 
temperature NASA 


N77-2010B*# National Aeronautics and Space Administration 
Lewis Research Cantor. Cleveland. Ohio 
OPTICAL DETECTION OF BLADE FLUTTER 
W C Nieboidmg and J L Pollack 1977 31 p rots Ptosuntod 
at Intern- Turbine Conf . Philadelphia. 27-31 Mar 1977. sponsored 
by the Am. Soc ot Moch Engt 

(NASA-TM- X-73573, E-9022) Avail NTIS HC A03/MF AOI 
CSCL 21 E 

Dynamic strain gages mounted on rotoi blades are used as 
the ptimary instrumentation for delecting the onset of flutloi 
and defining the vibistory modo and liequoncy. Optical devices 
ate ovaluated for performing the samo measurements as well 
as providing supplementary tnlormation on the vibratory chaiecte* 
istics Two separate methods ate studied stroboscopic imagery 
of tho blade tip and photoelectric scanning of blade lip motion 
Both methods givo visual data in rool timo as well as video 
tape tocotds Tho optical systems aie described, and representative 
rosults are presented The potential of this instrumentation in 
flutter research is discussed Author 


N77-20109*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

DESIGN AND PERFORMANCE OF ENERGY EFFICIENT 
PROPELLERS FOR MACH 0.8 CRUISE 

Damul C Mikkelson, Bernard J Blahu Glenn A Mitchell mul 
Joseph E Wiketo 1977 32 p rets Presented at the 1977 
Nall Business Aucratt Meeting omt Enposition. Wichita Xas 
29 Mat - 1 Apt 1977. sponsored by SAE Century 2 
(NASA TM -X 73612 E-9096 SAE-Paper 7704581 Avail 
NTIS HC AQ3/MF AOI CSCL 01C 

Tho inctoosod emphasis on fuel consoivation m tho world 
has stimulated a senes of studios of troth conventional and 
unconventional propulsion systems tor commercial ancraft 
Preliminary results from these studies indicate that a fuel saving 
of 14 to 40 percent may ho realized by the usa ol an odvancud 
high-speed tutboprop This turboprop must bo capable of high 
efficiency ol Mach 0 8 ciuise above 9 144 km altitude if >1 is to 
compote with turbofen powered commetcial aircroft Several 
advancad aerodynamic concepts wore investigated in lucent 
wind tunnel tests under NASA sponsorship on two propeller 
medals Those concepts included aerodynamicnlly mtogiated 
piopullet/itocollcs, area ruling, blade sweep, roducu.i blade 
thickness and pownr (disk) loadings soveral times highoi than 
conventional designs Tho aerodynamic design methodology lot 
these models is discussed In addition, soma ot the prolimmary 
tost insults are piosnmod which indicate that propeller net 
efficiencies near 80 porcant want obtained for high disk loading 
propellers operating at Mach 0 8 Author 


Wn-20111'lH National Aeronautic* and Space Administration. 
Lewis Raeearch Cent*, Clevefend. Ohio. 


APPLICATION Of- D|r»aMlias«i"n"a"' 

nonoimenmonal group* important im tests or 

COOLED ENGINE COMPONENT!! 

Jamas Sucec Washington Mar. 1977 36 p rafs 
i NASA-TM-X-3464; E-B943) Avail: NTIS HC A03/MF AOI 

CSCL 216 _ _ ... . 

The method of dilfarantial aimllamv is applied to the partial 
differential aquations and boundary conditions which govern the 
temperature, velocity, and pressure fields in the flowing gases 
snd the solid stationary components in air-cooled engmes. This 
procedure yields the nondimensional groups which must have 
the same value in both the test tig and the engine to produce 
similarity between the test results and the engine performance'. 
These results guide the esperimentelist in the design and selection 
of test equipment that property scales quantities to actual engine 
conditions. They also provide a firm fundamental foundation for 
substantiation of previous similarity analyses whieh employed 
heuristic, physical reasoning arguments id arrive at the nondimen- 
sionel groups Author 


N77-21097*# National Aeronautics and Space Administration, 
lewis Research Center. Cleveland. Ohio 

A PRELIMINARY STUDY OF THE USE OF INTERCOOUNG 
AND REHEAT IN CONJUNCTION WITH REGENERATION 
FOR AIRCRAFT TURBINE ENGINES 

Jnstioh 0 EissnbfitQ WlBfr. 1977 39 p rofs 
(NASA-TM-X-736 17 ; £-91061 Avail. NTIS HC A03/MF AOI 
CSCL 21 E 

The affect on fuel consumption of tuibofans with intoicoolod. 
logenetattve cvcles and with intercooled. regenerative, mheat 
cycles was studied. The technology level for both engine and 
aircraft was that projected for 1985 The simulated mission was 
a 5556 km flight canying 200 passengeis at Mach 0 8 nr t 1 5B2 
min. Results indicate that these relatively complex cycles offer 
tittle, it any. luel savings potential relative to a conventional 
turbofan cycle of comparable advanced technology. The inter- 
cooled. regenerative cycle yields about the same fuel economy 
as a conventional cvcle at close to the same overall pressuie 
ratio Au,t, °' 


N77-22119*# National Aeronautics and Space Admlmstianon 
Lewis Research Center, Cleveland. Ohio. ______ _______ 

VARIABLE- CYCLE ENGINES FOR SUPERSONIC CRUISE 

Edwird*wilis In AGARD Variable Geometry and Multicycle 
Eng. 1976 18 p refs {For primaiy document sea N77-~zt 
13-07) 

Avail: NTIS HC A20/MF AOI . 

Variable cycle engine design concepts studied in terms ot 
performance, economic, and environmental requirements that 
apply to modem supersonic cruise aircraft are described. The 
dual impact of design simplification and technology advancements 
ia discussed along with advanced technology requirements m 
air and noisa pollution reduction. J M S 


N77-23106* National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio. 

OIL COOLING SYSTEM FOR A GAS TURBINE ENGINE 

Groorge A. Coffinberry (GE, Cincinnati! and Howard H Kost 
inventors (to NASA) (GE. Cincinnati) Issued 3 1 May 1977 S Ip 
Filed 4 Feb 1973 Division of US Patent Appl SN-596641 
filed 17 Jul 1975 Sponsored by NASA 
(NASA-Casa-LEW 12630-1. US-Patonl-U.02<> 632 
i_i<uPatent-Appl-SN-655T49; US-PoleM-C ass-60-39 03. 

US-Paicn. Class-60 39 i8R. US-Potont-Class bO-39 66. 

US-Patent-Oass-4 1 5-1 811. US-Patent-Oass- 1 23 4 1 33 

US-Palem-Class-123-1.' E. uS^Paleni-Dass- 137 _101. 

US-Patent- Appl-SN-596fl4 1 ) Avail s*S Patent Office CSCL 

21 E a gas turbine engine fuel delivmv and control system is 
provided with moan' to teciiculale all luol in excess fuel conttal 


requirements back to the aticraft luol tank This mcicasas the 
fuel pump heat sink and decreases the pump temperature rise 
without the addition of valving other than normally employed A 
fuel/olt hont exchanger and associetod cucuitrv is provided to 
maintain the hot onginu oil in heat exchange relationship with 
the cool engine fuel Whore Bull icing of the fuel lifter is required, 
moans aie provided to maintain the fuel temperature entering 
the filter at or above a minimum level to pievonr freezing IhoiooT 
In one embodiment, a dividoi valve is provided to take all excess 
fuel from either upstream or downstieam of the fuel filler and 
route it back to the tanks the ralio of upstream to downstream 
extraction being a function ol fuel pump discharge pressuie 

Official Gazette or the U S Patent Office 


N77-23109* j National Aeronautics and Space Administration 
Lqw>s Research Center Cleveland. Ohio. 

NASA QUIET CLEAN GENERAL AVIATION TURBOFAN 
(QCGATI PROGRAM STATUS 

D L Btesnahan and G K Steveis 1977 23 p Presented at 

intern Gas Tuibine Conf , Philadelphia Pa. 27 31 Mai 1977, 

sponsoiod by ASME 

INASA-TM-X 73664: E-9008) Avail NTIS HC A02/MF AOI 
CSCL 21E 

The suitability of large engine technology to reduce noise, 
emissions, and fuel consumption of small turbine engines and 
develop new technology where required is determined. The design, 
fabrication assembly, test, and delivery of the experimental 
engines lo NASA are discussed Author 


N77-23T11*a National Aeronautics and Space Admimspation 
Lewis Research Center. Cleveland. Ohio 

ANALYSIS OF CONTROL CONCEPTS FOR GAS AND 
SHAFT-COUPLED V STOL AIRCRAFT LIFT FAN SYSTEMS 

James F Sellers. Clint E Hart and Jamos R Mihaloew 1977 
21 p nds Presented al V, STOL Conf Palo Alto Calif 6 8 Jun 
1977 sponsoiod by AIAA 

iNASA TM X 7361 I E 90941 Avail NTIS HC A02/MF AOI 
CSCL21E 

For lift 'an powered V. STOL auemtt. two unconventional 
propulsion system types were proposed Thu hist type uses fans 
connected by bot gas ducting and the second type uses tans 
connected by cross shafting An analytical study identified the 
basic steady stare and dynamic characteristics for each type of 
system Far the gas coupled system the contiof concepts analyzed 
were variable area fan tuibmes and throttling valves in the ducting 
For the shaft coupled system the control concepts analyzed were 
vanabiu pitch Ians and variable fan inlet guide vanes All of 
these concepts a'd capable ol meeting V/STOL aucraft control 
moment and transient response lequirements when appropriate 
propulsion controls aie used Author 


N77-23112*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohm 

MINIMUM TIME ACCELERATION OF AIRCRAFT TUfl- 
BOFAN ENGINES 

Fieri Teieri 1977 16 p refs Prosenteri at Joint Automatic 

Control Coni Son Francisco. 22 24 Jim ’® 77 , 

(NASA TM X 73624 6 91151 Avail NTIS HC A02, MF AOI 
CSCL 21 £ 

Minimum time accelerations ot the F100 turbolan engine 
am presented A piecewise Imeai engine model having three 
state variables and lour control variables is used to obtain the 
minimum-tune solutions The linear model which applies at a 
given time m thu tiaiectoiy is deteimmod by calculating a 
normalized distance riom the ament state to the equilibrium 
state associated with each imeai model The linear model 
associated with the closest equilibrium point is then used The 
control histones for the minimum-time solutions ore used as 
input to a nonlinear simulation of the Ft 00 engine to verify the 
accuiacy of the piecewise Imeai solutions Author 
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N77 23113’# National Aeronautic* and Spec* Administration 
Lewis Research Center. Cleveland. Ohjo. 

tTALLED AMQ ITAU'MKC KRFORMANCI Of AXIAL* 

flow commiuor /taoe with three ihut-ouioe 

Do*fd *C °Ur«f^°flo * I? J l steink*. end Welter S. Cunnan 

NT'S MC A02/MF AOt 

CSCL ilE 

The performance ot the first stage ot a transonic, multistage 
compreisor was mapped over a range ot rnlet-gurde-vane and 
statoi-b'ada settings. Both slall-trae and deep-stell performance 
data were obtained For the settings tested, as stall was 
encountered and flow was further reduced, a retativelv sharp 
drop in pressure ratio occurred and was followed bv a continuing 
but more gradual reduction in pressure, relio with reduced flow 
The position of the stall line on the rr.ep of pressure relio agemat 
equivalent weight flow was essemully unaffected over the range 
of inlet-guide-vsne and stator-blede settings Author 


N7 7 -2311 A* I Netional Aeronautics and Space Administration 
■ >wi« Research Canter. Cleveland. Ohio. 

EMISSIONS AND TOTAL ENERGY CONSUMPTION OM 
MULT1CYLINDER RISTON ENGINE RUNNING ON GASO- 
LINE AND A HYOROGENGAEOUNE MIXTURE 

John F Cassidy Washington May 1977 3S p 
(NASA-TN-D-8487; E-9IG5) Avail NTIS HC A03/MF AOt 

CSCL 2;^ A 

A multlcylmdar lecipracating angina was usedto 
efficient lean operating range ot gasoline by edding hydroaon 
Both battled hydrogen and hydrogen produced by a research 
methanol steam rotormer were used. These results wore compared 
with results tor all gasoline. A high-compression-ralio. display 
ment production engine was used Apparont flame speed wa 
used to describe the differences in emissions and performance. 
Therefore, engine emissions and performance, including apparent 
flame speed and energy lost to the cooling system and the 
exhaust gas. wero measured over a range ot equivalence ratios 
for each tuel All emission levels decreased at tho leaner condition^ 
Adding hydrogen significantly increased Dame speed over _*i 
equivalence ratios 


H 77 . 241 3B*| National Aeronautic* and Space Administration. 

ON THE STEA0V-9TATE RERFOHMANCE OR A TRI731-2 

Georgf^kl^'and Roy A. Lflttig Wa»hington May 1977 
51 p ref* Prepared in cooperation with the US Army Air 

lies «C «W» »•' 

CSC £ff*ct» of varying engine intat Reynold* number 
050. 0.25. and 0.12) and tamparatur* «2S9 and 244 » on^a 
TFE731 -2 turbofan angina were evaluated. Result! war* daaeifiad ^ 
e* either compreeaton system effect* or affect* on overall 
performance. Standard performance map* are u*ad to pnwant 
compression system performance. Overall performance parameter* 

■m presented as a function of tow rotor speed corrected to 
engine Intel temperature. Author 


N 77 - 24 T 3 K*# National Aeronautic* and Space Administration. 
Lawk Research Canter. Cleveland. Ohio. 

ANALYTICAL PREDICTION OR THE PERFORMA NC E AND 
STABILITY OR A JN>11 COMPRESSOR WITH DISTORTED 

tdwsTd^^Minar Washington May 1977 
(NASA-TM-X-3515; E-B897I Avail: NOS HC A03/MF A01 
C«5CL 

The neraUal compreeeor concept was studied uaing a 
compreteor modal baaed on the ovaraH 
map obtained from anparimantH taata in an * H ul *_ ch ^y 
o^ng • Qiok«) Edctiic turt*o|®t •nflta* ytm flwA 

which include • «t«lic*prtudre balanct catenation at compfttw r 


dkcharga, wa* asarcltad at conditions corresponding to 10 
different screen-induced distoition pstterns included in th# 

■uwrimwttal data baa*. The spoiled free of these pettam* tanged 
bom 30 dag to 180 dag. and the distortion soman dehsrfy. or 
the am* bloc Led by the screen wire per unit araa of screen, 
varied from 28 to 69 percent. The study Indicate* thafat the 
trirUter corrected speeds, the analytical surge line* obtained ere 
goad* represen tationstrf 1 the eorrespondending sms* 

him end are Independant ot distortion angle or distortion angle 
or distortion level. 


H77-24140*# National Aeronautics and Space Administration 
Lawk Research Center. Cleveland. Ohio. UM _ 

RERFOHMANCE OR HIGH-AREA-RATIO ANNU LAR DUMP 
DIRRUEER UMNO EUCTION-STABIUZED-VORTEK FLOW 

SblJt^Juhan and John M Smith Washington May 1977 

uJaSA-TM-X- 3535; E-90111 Avail NTtS HC A03/MF A01 
CSCt 21E 

A short annular dump diffuser having a geometry conductive 
to formation of suction stabilised toroids! vortices In 
ot abrupt area change was tested. The overall dWTuser area ratio 
w»s 40 end the length to Inlet height ratio was 2.0. Performance 
data warn obtained at near emblem temperature and pressure 
for inlet Mech numbers of 0 18 and 0.30 wijh 
ranging from 0 to 18 percent of total inlet mass flowrate^ Results 
show thet the exit velocity profile could be readily biased toward 
either wall by adjustment of inner end outer well suction rates. 
Symmetric exit velocity profiles wa.o Inherently unstable wrth e 
tendency to revert to a hub or tip bias. Diffuser effectiveness 
was increased from about 38 percent without suction to over 
SS percent at a total suction rate of 1C< to T 2 percent. At the 
swtw time diffuser total pressure loss was reduced from 3.1 
percent to t.l percent at an mist Mach number of 03 Author 


1^77.24141*1 National Antcnautics and Space Administration. 
Lewis Research Center. Oevaicnd. Ohio Tft|| LIFT 

NOISE OR RAN DESIGNEO TO REDUCE STATOR LIFT 

J*mw^ A ^tm*fi Richard P. Woodward, and Edwaid G. Stakolich 

^^X-3S39lT89M. P Ave*. NT1S HC A03/MF A01 

CSC An existing fen stage was redesigned to reduce stator lift 
lluctusttons and wit acoustically tested at three noxila sues for 
reduced noise generation. The lift fluctuations on the stator warn 
reduced by increasing the stator cord, adiustingmadencean^^ 
end adjusting the rotor velocity diagrams Broadband noise levels 
were signficemly reduced in the middle to high frequencies. Blade 
pMsagewne sound power was not lessened, but decte.se* in 
the hermonics were observed. Aerodynomic improvements rn both 
performence and efficianev ware obtained Au ’ nor 


N7?*2B174*0 National Aeronautics and Space Administration 
tswis Research Center, Cleveland. Ohio- _ _ 

EXRERIMENTAL APPARATUS FOR INVESTIGATION OF 
FAN AEROELAST1C INSTABILITIES IN TUH 

SSn^H 1 JmS. Walter A Bishop, Thomas A Kirchgessne- 
and John H. Dicus Washington Jun. 1977 32 P 
tNASA-TM-X-3508, t-3Q88) Avail N T IS HC A03/MF AOt 
CSCL 2lE 

Tha application, installation, and monitoring of dynamic strain 
gsge instrumentation on she rotating fan blades for subsume 
Suited flutter mode Ot die first fan rotor are described _ The 
engine installation, the modifications to the engine Mnliok to 
obtain Off schedule operation of the fan. engine aerodynamic 
instrumentation, and general dels acquismon systenu a^ 
discussed. 
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gg ig3> end Space Administration. 

±^.?- l zffy t L c y it * f - awiuim Ohio. 
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CSCL 2I€ * 73M2 ' E 8113> * V#i,: NTIS HC A02/MF A01 

'i*££1£S^h5T£ d ** ian Procedure *»»d on output 
feedback regulator (OFR) theory is applied to the FI 00 turbafan 

J"®*”? B ** uft * 101 *fe OFH design are compared to a design 
based o n line a r quadratic regulator {LOR) theory. TheOFR 
Jfeaback contrat is designed in the full order state space and 
S ToS? "* * nV "** d f ° r m “ ,e ' ™ dlIC,ion techniques. Using 
!£* ^,^21!^ C n^V Ur l.* nd con,r ° l sthictum of the LOR design 
rft2^ncB^l° FR f * ,db * ck con,ral « obtained. The flexibility 
• contra' design procedure js demonstrated, end 
differing feedback control structures are evaluated Author 


SmS£%. {Karar 1 

K^¥rJSoS,’S.IS , aiSl" 0 '' , "*" ,, '‘ 

t^aSrara,* 

^r- ?3623: E 9n4 > AmU: NTIS tfC A02/MF AO! 

domalrT ,fiChniquB is in the frequency 

TtaT ^LSl ^l 8 h * ,,w «"*“• turbofan engine model. 

,he a *tension of the frequency 
formu^n ofth# Routh method to the time domain to 
,t *t* v * r »fe« formulation directly. The time domain 
IB S? ?K < ^ rn T l ,nd ■ cferoctedration. which specif™ aH 
pwuble Routh similarity transformations, ft given. TheThiracten 
^ * computed ** ,h# *° ,utlon of two eigenvalue eigenvec- 
o ih^ST* Tt l ,,pt,lK:,,ion a1 «fe «ro. domain Routh £chnh£. 
i tntble ,naine mDd * t 15 de^ribed. and some resuhs 

™ anwn Author 


could be made to match those of typical advanced commercial 
l, * nSp0 K •RBinos. The rocket thruster was then 
considered in combination with « streamlined ground car for 
moving souice jet noise experiments. Whan a nomhrottiahle 
hydrogen peroxide rocket was used to accelerate the vehicle 
propellant masses and/or acceleration distances became too targe 
However, when a itirottlable rocket or an auxiliary system was 

be obtaine? ,Bf * ,e *** w * h ’ s,B * ,ea50r, abie propellant masses could 

Author 
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National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

m!PA?. OU * T,C performance comparison of 

CNGHBE C° IWE WO, * C * UF PR Ea *0RS ON NASA QUIET 

H ^ VBV n £ ® ,0 °mer and John W Schaefer Jul 1977 20 n 

lfl3 r^V'r'b” ’ 3,h PrDpol3IOn ton! Or.andn Fla 
" cL J I 9 ” Cfepu^u'ed by the Am Inst of Aeron and 
the Soc, of Automotive Engr. 

raCt*21H * 73682; E ' 9182) Avail: NTIS Mc A02/MF A01 

The relative aero acojstic effectiveness of two core enoine 
" “"’^“' designed suppressor delivered with the 
£ VacA*"' and * NASA-designed suppressor wss evaluated 
The NASA suppressor wss tested with and without a splitter 
-ft ? ,0 ‘" of t * m configurations being reported in aSition 

mJant^m", ."’“V"' ““ ThB ^'^ynamic results are 
P«MW»dmterms of tailpipe pressure loss, corrected net thrust. 

, ‘ Jel ■rousuroption as (unctions of engine 
J acous,,c resuIts «n> divided into duct and 

the Th * NASA -*W<’ core suppressor d.d 

the better job of suppressing aft end noise, but the solmer 

Th^NASA^ 11 CaU5Bd 8 en B lne performance polity 

The NASA core suppressor wuhout the splnar suppressed most 
of the core noise without any entire performance^enat“ 

Author 


National Aeronautics and Space Administration 
J? nt8r - aev * !and - Ohio. 

■ WOE RETAINER ASSEMBLY Patent 

‘1° NASA) (GE ' C,nc * nn »h> issued 

INA^WL^aSKt^ , ^ 1976 SP^rod by NASA 
lie n . 260 ®* ,: 0S Patent-4.033.705i 

OS-Patem-Oass-4 TS- 220 R 

2iE PaMM ‘ a ***‘4 1fl -2 2 » Avail: US Patent Office ' CSCL 

biatom 1 rrom , r S ^^ WV * for ,ockin B tadielly extending 

“"“J.” • rotor disc associated with a gas turbine enoine Th. 

Mir ° f s P** d 

from one side of the disc to form an access gap for insertion *2 

mieihfli ta 1S • nW " dovaI * 11 s,n, in the roto? disc. A pair of 

AmemT mT ' 1117 f t dnfl roce,S€5 «« disposed in things 
retaining member res. Jee in the recesses and extends across 

dot Tf^ r«^ ae n d * afl ^! S * 01 th * t3,8d * «"B from the dovetail 
stot. Tire retaining member includes at least one axially extendino 

S ■W *° f8di8li V overlap and abut^giy Tn^, l 
radially inwardly facing abutment surface on the lugs. "* 

Offeial Gazette of the U S. Patent Office 


fennel Aeronautics and Space Administration. 

»n>iuw!« a8V8l8nd - Ohm 

ROCReTfo.^.F L«uH.«°5 00e " ««0*IOE 
fiu^ET FOR USE IN MOVING SOURCE JET NOISE 

Robert M. Pfencner [1977J 23 p ref 

racui™ X ’ 73878 ‘ E ' 92,0> Av.il: NTIS HCA02/MFA01 

wro!d«l^^^ 0 l, !^ i8 * ti0n W * 5 m,d8 D * u*'P9 • hydrogen 
piroxue rocket to obtain pure moving source jet noise data 

^•S2» T 9 ° f ,h » «*- was .nw „ wi 

found that the tharmodvnamic exhaust properties of the rocket 


t*^ 2 !’ 23 '?. National Aeronaut.^ and Space Adm.mstrat.on, 
lewis Research Center. Oeveland. Ohio 

FULL-SCALE ALTITUDE ENGINE TEST OF A TURBOFAN 

as»s«sas TO 

Ssaa?afti, 1 sn^RSJt s 

,ual COnsump,ion °f * low-bypass-ratio. confluent- 
r.i2' b £l 8nfl,na Was measur8d with 8nd “V'ifero a mixer 
r *,*'• T ducte ? ,or Mach numbers from 
2? ? < * BS ,mm ,0 - 670 10 14 - 630 meters (35.000 
2 5 n‘^2 for core-stream-to-fen-stream temperature ratios 
iia * nd roixrng-length-to-diameter ratios of 0 95 and 

fef ,h8se . ,est conditions, the reduction in specific fuel 
consumption vaned from 2 5 percent to 4 0 percent Pressure 
loss measurements as wail as temperature and pressure surveys 
et the mixer mlat. the mixer exit, and the nozzle inlet were 
mode A .. 

Author 


N77 3 1tE2*# National Aeronautics and Space Admirustretion. 
lew* Research Center. Oeveland. Ohio 

A* 10 OIRECTIONAL ACOUSTIC PER- 
FORMANCE OF A SCOOP INLET 

John M. Abbott and Donald A. Dietrich Sap. 1977 28 p 

ml 

(NASA-TP-102S. E-9134) Avail: NTIS HC A03/MF A01 CSCL 
m(el A ^.7u^ , ^ l !. , ^ il ,* COU5,K: of a scoop 

S: SSTlJSrS’a STS 
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At m/tmc. th* design throe! Mach numb*: (0.63). 

of BOda* the scoop into tot.) pm««w 
recovery**** 0989 end the t««* dittortlon w** 01^ 

STTwto of ««ck whet* «w eepefation occurred with the 
•foooMn ww* higher then tho*e for e conventional tynmrtiic 
Met AcouiticeUv. th* scoop inlet provided a maximum 
16 dbhjox .the 

of throat Mesh number end eng* of attack at a ha* 
velo c ity of 41 m/sec 


Nlf lllU'l National Aeronautic* and Space Administration. 

Lewis Research Center. c ^^. nd ;_ C y.’?-, rllT - | NL fT 

EFFECTS OF TEMPERATURE TRANSIENTS AT FAN IN1*t 
OF A TURSOFAN ENGINE 

Mahmood Abdelwahab Sep. ’977 40 p ref* cSCt 

INASA-TP- 1031 : E-0182) Avail: NTIS MC A03/MF AO I Cb 

2,E Tha aflects of fan inlet temperature transients on the 
performance and stabUltv ol a tnfbolan ena-n* 
th* experiment was conducted at 90 and p 
tow-prassute-rotor military speed 19526 rpm) and with fan Met 
temperature distortions having circumferential ^* n “ °* 

ISOdea 270 deg, and 360 deg Temperature transients vvare 

cwrtroHed by varying the magnitude and rat* ol change of tha 
Inlet temperature rise. The engine response ranged from a 
momentary compressor pressure dam^nce to^w-p^w 
nnmnraunr <ti H Th# compr#»*or distortion limit* 0 #c«»mo wi» 
^S low presTuro mmr gel end Inc.a.s* with incro-mg 
rircumferential extant of distortion. Analysts of the data 
"hat the distortion limits of th* compressor 
“roTfonSrf. critics) megnitud. of (inlet temper. turn mn. 
end am independent of the temperature ns* rate Autho 


H77-311i4*0 National Aeronautics and Space Administration. 
Lewis Research Center, Oeveland. Ohio. ■cai.TlME 

J^*^Sluch. , K*rt Seldnar. and David S Cwyner Fep 1977 

INASA-TP-1034: E-9090) Avarl: NTIS HC A04/MF AOt CSCL 

2 '^a real time hvbrid computer simulation ol a turbolan engine 
i, dL^ Cr^Cs msearch programs involving that .ngrn. 
are supported by the simulation. The reel rime simulation s 

fottham mm ^ -g 

patching di*gr*ms are indudad. 


Hn-S11W*0 National Aeronautics and Space Admimsueriorv 

rof* MR* fomroTsyst.™ end Techno.. Mating. Seethe. 

NTIS HC A03/MF AO, 

isrsrsstt 

ISSSSf I inS .Hici.ncy •« tow r*. g «•£ 

S^rrt2l fuselage noise enenualion: 13) propeller end gee: 
ST^inUnance; Tod (4) engme-aidram. int^rotron. J-M.S. 


N77-3214B* National Aeronautic* and Space Administration, 
lewis Research Center. OeveUrvl-i^l?. ,^, 

PLATFORM FO* A IMNO ROOT TURROMACHINERT 

RttSd rSaI. inventor to NASA! 1GE . Ontitmrt j I to™* 
30 Aug. 1977 5 P Filed 3 Feb. ^*d * NAS * 
(NASA-Cese-LEW- 123 12*1: US-F*tsnt-4 M5.149. 
US*Patent-Appt-SN*6S4787: US-PeiertOese-41 6-135. 


US- Patent* Cless-4 16-190; US-Patem-Cla**-4 16*1 93A: 
uI.Pa!’m*a^*416-24IA) Avail. US Patent 0ff.ee CSCl 

21E A rotor apparatus, comprising e bi.d. hiving a root adapted 
to swing laterally withm a supporting sp.ndfo u^r rm^t load^ 
,s provided with . how path defining 
comprises an inner shroud extending generelly latenjBV o' 
blade airfoil portion and adapted V lim j n ,w 

embodiment, wherein th. blade P nm *^ J^^nrfod To tto 

st r-asMs ss 

g-t £ -/^.rshrouds 

«^l'ded wtoTpe.r of complement. rv adjacent surfaces 
contoured to pass ,n rel.t.vely close r, ttrng .etr.onsmps to each 

». ...» -a— T? °>*» 


N77-321I3*# National Aeronautics snd Space Administration 
Lewis Research Center. Cleveland. Ohm 

EX PERIMENTAL FLOW COEFFICIENT* OF A FUU-- 
COVERAQE FUM COOUO VANE CHAMBER 

Pater L Meitner (Army Atr Mobility Research end Development 
Lab. Cleveland Ohio! and Steven A Hippensteeto Sep 1977 

INASA-Tf^ 1036. E-91461 Avail NTIS HC A03/MF A01 CSCL 
E 

A-n-^int and elevated temperature flow tests wens performed 
on M k*\*- actual* 8»i# modal of an impingement- and 

hlm cooif- . went ol a core engine turbine vane Tests were 
conducted v. .>■ "e impingement and film cooling plates combined 
to form a chenw-*: and also with eaclr ol the individual separa i ed 
otates. For the combined tests, the proximity of thB Idm cooling 
□late effected the flow of coolant through the impingement plate, 
but not conversely Impingement flow is presented in lermso 
a discharge coefficient, and the film cooling flow discharging 
into still air with no mein stream gas flow is presented in t erms 
of a total pressure-loss coefficient. The effects of mam stream 
gas flou* on discharge from the film cooling holes are evaluated 
as a function of coolant to mein-stream gas momentum flux 
ratio A smoothing technique is developed that identifies and 
helps reduce flow measurement data scslter Autno 


NT7-321*A°f National Aeronautics and Space Administration. 

Lewis Research Center. Oeveland^Ohia CHANGE 

EFFECT OF SLOTTED CASING TREATMENT WWClMsieue 
IN REYNOLDS NUMRER INDEX ON PERFORMANCE 0 
A JET ENGINE 

John E. Moss. Jr and Willis M Rranhwaite Sep. 1977 19 p 

(NASA-TP- 1058. E-9185) Avail NTIS HC A02/MF A01 CSCL 
2 1 E 

A tip-treated JB5-13 engine was tested at Reynolds number 
indices (BN!) ol 0.3 end 07 wilh a clean inlet tor 80- and 
100-percent corrected engine speeds This engine was equipped 
with a compressor case which allowed changes to the case 
wall over the rotor tips of six of its eight stages For all tests 
the principal effects were 111 with tip treatment a stall pressure 
ratio loss of 6 percent at 100 percent corrected engine speeds 
for both the 0 3 end 0 7 RN1. end (2) with end without tip 
treatment, decreasing the HNI from 0.7 to 03 docroasedthe 
stall pressure ratio 3.8 percent for 100 percent corrected engine 
speed and 2.8 percent far 80-percent corrected engine speedy 


N77-32166*# National Aeronautics and Space Administration. 

Lewis Research Center. Cleveland Ohia SPEED 

HIGH STIFFNESS *EAl» FOR ROTOR CRITICAL SPEEO 

0 ^°Flemin B Sep 1977 25 p rob 
Cmrf Chicago 26-29 Sep 1977: sponsored by A SMF 
(NASA-TM X°73654; E-9171) Avail NTIS HC AC2/MF A01 
repl ?*c 

An" annul.: seel is analyzed in which the inlet clearance ., 
larger than the outlet clearance: the flow path may be either 
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(topped or tapered. The design produces radii) stiffness 17 to 
14 times that of a constant clearance seal having the same 
minimum clearance. When seating high pressure fluids, such e 
seal improves rotor stability and can be used to shift troublesome 
critical speeds to a more suitable location. Author 


N77-321M*# National Aeronautics and Space Admirtisiietion. 
Lewis Research Center. Cleveland. Ohio. 

INTERACTION Of ROTOR TIP FLOW IRREGULARITIES 
WITH STATOR VANES AS A NOISE SOURCE 

James H. Orttmar Oct. 1977 14 p refs Presented at the 

4th Aeroacoustics Conf, Atlanta. 3-5 Oct. 1977: sponsored by 
AIAA 

(NASA-TM-73706) Avail- NTIS HC A02/MF AOI CSCL 21E 
The role of the interaction of rotor tip flow irregularities 
(vortices end velocity defects) with downstream stator vanes is 
discussed as a possible fan noise mechanism. This is accomplished 
by: (1) indicating some of the methods of formation of these 
flow irregularities; (2) observing how they would behave with 
respect to known noise behavior; and (3) attempting to compare 
the strength of the rotor tip flow irregularity mechanism with 
the strength of the more common rotor wake-stator mechanism. 
The rotor tip flow irregularity-stator interaction a indicated as 
being a probable inflight noise source. Author 


M77-3216?*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

EFFECTS OF SIMULATED FLIGHT ON FAN NOISE SUP- 
PRESSION 

Marcus F. Heidmann and Donald A. Dietrich Oct. 1977 34 p 
refs Presented at 4th Aeroacoustics Conf.. Atlanta. 3-5 Oct. 
1977: sponsored by AIAA 

(NASA-TM-73708; E-9247) Avail: NTIS HC A03/MF A01 
CSCL 21E 

Attenuation properties of three treated fen inlets were 
evaluated. Tunnel flow simulated the inflow clean-up effect on 
source noise obseryed in flight and allowed observation of the 
blade passage frequency tone cut-off phenomenon. Acoustic 
data consisted of isolated inlet noise measured In lip far Field 
at two fixed positions and with traverses at four frequencies. 
Attenuation and source noise progenies with and without flight 
simulation are compared and discussed, Averaged attenuation 
properties showed relative agreement of me inlets with their 
design intent: however, tunnel flow significantly affected the 
attenuation spectra Author 


H77-321H*f National Aeronautics and Spaca Administration. 
Lewis Research Center, Cleveland. Ohio. 

ACOUSTIC PERFORMANCE OF INLET MULTIPLE-PURE- 
TONE SUPPRESSORS INSTALLED ON NASA QUIET 
ENGINE C 

Harry E. Bloomer. John W. Schaefer. Edward J. Rice, and Charles 
E. Feiler Oct. 1977 l6 p refs Presented at 4th Aeroacoustics 
Conf.. Atlanta. 3-5 Oct. 1977: sponsored by AIAA 
(NASA-TM-73713) Avail: NTIS HC A02/MF AOI CSCL21E 
The length of multiple-pure-tona (MPT) treatment required 
to reasonably suppress the MPT s produced by a supersonic tip 
speed fan wss defined. Other suppression, broadband, and blade 
passing frequency, which might be accomplished were also 
determined. The experimental results are presented in (arms of 
both fer-field and duct acoustic date. Author 


N77-32169*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

SUMMARY OF FORWARD VELOCITY EFFECTS ON FAN 
NOISE 

Charles E. Feiler and John f Groeneweg Oct. 1977 10 p 

refs Presented at 4th Aero»roustics Conf., Atlanta. 3-5 Oct. 
1977; sponsored by AIAA 

(NASA-TM-73722: E-9209) Avail: NTIS HC A02/MF AOI 
CSCL 20A 


Available experimental data comparing the in-flight and static 
behavior of fan noise ere renewed. These resufta ere then 
compared with recent data obtained for a fan atage tasted with 
forward velocity in a low speed wind tunnel Tentative conclusions 
are presented about the significance and nature of die changes 
in noise observed when a forward velocity is imposed. Finally, 
the implications of the emerging picture of in-flight fan sou ice 
noise for suppressor design are discussed. Author 


N77-321SO*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

MULTIMODAL FAN-FIELD ACOUSTIC RADIATION PAT- 
TERN; AN APPROXIMATE EQUATION 

Edward J. Rice Oct. 1977 12 p refs Presented it the 

Fourth Aeroacoustics Conf.. Atlanta. 3-6 Oct. 1977: sponsored 
by AIAA 

INASA-TM-73721I Avail: NTIS HC A02/MF AOI CSCL 20A 
The far-field sound radiation theory for a circular duct waa 
studied for both single mode and multimodal inputs. The 
investigation was intended to develop a met' id to dete rmine 
the ecoustic power produced by turbofans : a function of 
mode cut-off ratio, With reasonable simplifying assumptions the 
single mode radiation pattern waa shown to be reducible to e 
function of mode cut-off ratio only. With modal cut-off ratio as 
the dominant variable, multimodal radiation patterns can be 
reduced to a simple explicit expression. This approximate 
expression provides excellent agreement with an exact calculation 
of the sound radiation pattern using equal acoustic power per 
mode. Author 


N77-331M*f National Aeronautics and Space Administration 
Lewis Research Cantar. Cleveland. Ohio. 

PROG REM IN ADVANCED HIGH TEMPERATURE TURBINE 
MATERIALS. COATINGS. AND TECHNOLOGY 

John C. Frecbe ami G. Marvin Ault 23 Sap. 1977 44 p refs 

Presented at the 50th Pane! on Propulsion end Energetics. Ankara, 

19-23 Sap 1977; sponsored by AGARE 

INASA-TM-X 73628) Avail: NTIS HC A03/MF AOI CSCL 

21E 

Material categories as 'well as coatings and recent turbine 
cooling developments are reviewed- Current (tale of the art is 
idemifiad. and as assessment, whan appropriate, of progress, 
problems, and future directions is provided. Author 


J: - *«• 

N77-33190*| National Aeronautics and Space Administration. 
Lewis Research Center. Oevetend. Ohio. 

steady-state unbalance rework of a three 

MM FLEXIBLE ROTOR ON FLEXIBLE. DAMPED SUB- 
PORTS 

Robert E. Cunningham 29 Sep 1977 42 p refs Presented 
at the Vibrations Cord.. Chicago. 28-29 Sip. 1977; sponsored 
by ASME 

(NASA-TM-X-73S66: E-9091-1) Avail: NTIS 

HC A03/MF AOI CSCL 21E 

Experimental data are presented for the unbalance response 
of a flexible, bell bearing supported rotor to speeds above the 
third lateral (tending critical. Values of squeeze film damping 
coefficients obtained from measured data ere compered to 
theoretical values obtained from short bearing approximation 
over a frequency range from 5000 to 31000 cydee/min. 
Experimental response for an undamped rotor is compared to 
that of one having oil squeeze film dampers at the bearings 
Unbalance applied varied from 0.62 to 15.1 gm-cm. Authr-u 


N77-231S1*# National Aeronautics and Space Admi ni str ati on. 
Lewis Research Center. Cteveiind. Ohio 

OVER -TH E-WING MODEL THRUST HEVERKR ROME 
TESTS 

J. Goodykoontz end O. Gutierrez 5 Oct. 1977 20 p refs 

Presented at the 4th Aeroacoustics Conf,. Atlanta. 3-6 Oct. 1977; 
RXinsorsd by AIAA 

( NASA-TM -7349S; E-9328) Avail: NTIS HC A02/MF AOI 
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CSCi 20A 

Stuic tcouuic two wtia conduct*} on a 1/tl seal* motM 
ov*r-th*-wing target tyre thtuii reverter. The modal configuration 
eimuittes a dtergn that it applicable to the over-thawing 
«K»i-riaul advanced technology angina. Aerodynamic acraaning 
toiu of a variety of ravareer design* Idantifiad conhgurotlon* 
tfot tatitfied a ravarta thrust raquiramant of 38 percent of forward 
thruat at a noule pressure ratio of 1.29. Tha variations in tha 
ravaraar configuration included, blocker door angle, blacker door 
lip angle and ahapa. and rude skirt shape Acouttic data era 
pretented and compared for the various configurations. The model 
data scaled to a single full ilia engine show that peak free 
haM perceived noise (PN) level* at a 162.4 mater sideline distance 
range from 96 to 104 PNdb. ' Author 


NIT-UtU'f National Aeronautics and Specs Administration 
Team Research Center. Cleveland. Ohio. 

IDENTIFICATION AND MEASUREMENT 06 COMBUSTION 
NOISE 2 ROM A TURBOT AN ( KOINE US! NO CORRELA- 
TION AND COHERENCE TECHNIQUES Ph D Thesis 
Allan Martin Karchmar Sap. 1977 166 p r*fe 
INASA-TM-73747: E-9316) Avail: NTIS HC AOS/MF A01 
CSCI 20A 

fluctuating pressure measu rements within t.. . combustor and 
tailpipe of 'a lurbofan angina are made aimultanaoualy with far 
Raid acoustic mawuramenta. The pressure measurements wftfc’n 
tha angina ate accomphahod with cooled semi-infinite waveguide 
prabee utNimg conventional condenser microphone* ee the 
iranaducara. The measurements are taken over a broad range of 
engine operating conditions and for 16 far (laid microphone 
poeitlona between 10 dag and 160 dag relative to tha angina 
•"let asia. Correlation and coherence techniques are used so 
determine the relative phase and amplitude reietionahipe be t ween 
the internal pleasures and far field acoustic pressures. The 
raault* indicate that the combustor is a low frequency source 
region tor acoustic propagation through the tailpipe and out to 
the far field. Specificafly, it ia found that tha relation betw e en 
source pressure and the resulting sound pressure invotvee a 
160 deg phase shift. The tatter result is obtained by Fourier 
transforming the cross conaietion function between the source 
pleasure and acoustic pleasure after removing the propagation 
delay time. Further, it ia found that tha transfer function b et wee n 
the aource pleas u re end acoustic pressure has • magnitude 
approximately proportional to frequency squared. These results 
am shown to be consistent with a model using e modified aource 
term in UghthW'e turbulence strew tensor, wherein the fluctuating 
Reynolds stresses am replaced with the pressure fluctuations 
due «o fluctuating entropy. Audter 


N77-33163*| National Aeronautics end Space Adminittratlen. 
Lewie Research Center. Cleveland. Ohio. 

MEA6UHIMINT OP PAR FIELD COMRUCtlON N04NI 
PNOM A TURBOPAN KNOINB UtINQ COHEKESCS 
FUNCTIONS 

A M. Karchmar. M. Raahotbo, and F. J. Montagani 6 Oct. 
1677 33 p reft Prwemed at 4th AeroecouHic* Cord.. Atlanta. 
3-5 Jet 1677; sponsored fay AtAA 

(NASA-TM-73746. £-9320. AtAA-Paper-77- 12771 Avail: NTIS 
HC A03/MF AOt CSCL2IE 

Coherence measurement* between fluctuating pressure m 
the combustor of a VF-102 turbofen engine end ferfieid acoustic 
pressure were made. The results indicated that a coherent 
raietioneNp between the combustor pressure and fer-AUd estate* 
only at frequencies below 260 H*. with the peek occurring near 
126 Hi, The coherence functions end the fer-flefd spectre were 
used to confute the combuetor-wacdatad fsr fisM noiw in tsrme 
of spectre, directivity, end acoustic power, over a range of engine 
operating conditions. The ecouetic results so measured were 
competed with result* obtained by conventional methods, w 
wed as with various eenwempirkai preckciiont schamee. Eaami- 
nation of the directivity patteme indicated e peek in the camhuWen 
noree near 120 deg (miative to the inlet axle). Anther 


N77 -33164*# National Aeronautic* and Space AdmlnJatrafiOfl. 
lewis Research Canter. Oeveiend. Ohio. 

IMPROVED COMPUTER PROORAM6 PON CALCU LATINO 
POTENTIAL PLOW IN PROPULSION SYSTEM INLETS 

Notbsrt 0. Stockmen end Charfw A. Farrow. Jr. Jul. 1577 
430 p reft 

INASA-TM-73726: £-92651 Avail: NTIS HC A16/MF AOT 
CSCL 21E 

Computer programs to caicutata tha incomprssslbie potantial 
flow corractad for comprwsibiHty in axisymmatric Mats el arbitrary 
oparatlng conditions are presented, included are e statement of 
the problem to be solved, a description of each of the program* 
and Sufficient documentation, including a test case, to enable a 
user to run the programs Atflhar 


N7?-31ia6*i National Aeronautics and Space Admintstrstioa. 
lewis Reeeafch Center. Oeveiend. Ohio. 

OUTPUT FCBDOACK NEOULATOR DEMON FOR J6T 
ENGINE CONTROL OVETSMi 

Wetter Merrill 1677 14 p refs Presented at tntam. Forum 
on Ahamatfvae for Unaar MuKivariabla Control, Chicago. 
t3-14 Oct 1977. sponsored by Natl. Elec Conf. 
<NASA-TM-73776) Avail NTIS HC A02/MF AOt CSCL 21E 
A muttlvariable control design procedure based on tha output 
faadback regulator formulation is described and applied to turbofan 
•■gate model. FuB order model dynamics, warn incorporated in 
the example design The effect of actuamr dynamics on -‘mil 
loop performance was irwwtigagad. Also, tha importance of 
turbine inlet temperature as an ale mam ot the dynamic feedback 
wee studied Step responses ware given to indicate the 
improvement in system performance with this control. Calculation 
"Nt for aW experiments are grvan in CPU seconds for comparison 
purpoew Author 


NTT -311*6*1 National Aeronautics and Space Administration. 
Lewi* Research Center. Cleveland. Ohio. 

•TATE-OP-THS-ART OP TURBOFAN ENOINC NOISE 
CONTROL 

W. L Jonas and J. F. Groanaweg On. 1977 22 p rtfs 
Presented at NOISE-CON 77. Hampton. Vt.. 17-19 Oct 1977. 
coapontomd by Inst, ol Norse Control Eng. 

INASA-TM-73734; E-9254) Avail: NTIS HC A02/MF A01 
CSCL 2IE 

The technology of turbofan engine noise reduction It surveyed. 
Specific toptes discus se d include: (1) new fane for low noiw: 
12) fen and core noise suppression. (3) turbomachinery noiae 
sources; and (41 a new program for improving static noiw testin g 
of fans and tnginw Author 


wr> .'-37167*1 National Aeronautics and Space Administration, 
lewis Rswirch Center. Oeveiend. Ohio. 

MINIMUM TtMK ACCELERATION OP AIRCRAFT TUR- 
BOFAN ENGINES NY UMNO AN ALGORITHM RASED ON 
NONLINEAR PBOO B A MBB NO 

Fred Teren JuL 1977 162 p reft 

(NASA-TM-73741) Avail: NTIS HC A06/MF A01 CSCL 2TE 
Minimum time accelerations of aircraft lurbofan anginw are 
praaantad. Tha calculation of thaw ecteier shone ww made by 
using a piecewise linear angina modal, and an algorithm baaed 
on nonlinear programming. Use of this model and algorithm 
allows such trajectories to be readily calculated on e rflgflal 
computer with e minimal expenditure of computer time. Author 


N77-S3166*| National Aeronautic* and Space Administration. 
Lewis Research Canter. Oeveiend. Ohio. 

F100 MULTIVARIABLE CONTROL 6VNTHEMS PROGRAM: 
EVALUATION OP A MULTIVARIABLE CONTROL UMNO A 
RCAL-TTMI ENGINE SIMULATION 

John R Stuch. Jem** F Soeder, Kurt Seldnar. and David & 
Cwynar Ocl. 1977 103 p ref* 

(NASA-TP-tOSfl: £-9170) Aval! NTIS HC A06/MF A01 CSCL 
2IE 
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H» design. evaluation. and testing of • practical multivariable, 
linger quadratic regulator control tin the F100 turbofan angina 
ware accompiialtad. NASA avaluation of tha multivariable control 
logic and implementation are covered. Tha avaluation utilized a 
real lima, hybrid computer eimulatton of tha angina. Retuha of 
tha evaluation are pi aaan ta d . and recommandationa concerning 
future s.qpne tatting of lha control are made. Reaulta indicated 
that ihe engine tatting of tha control ahould be conducted ae 



A77-17246 * Status review of NASA program! for reducing 

aircraft gas turbine engine emissions. R. A. Rutfcy (NASA, lewis 
Research Center, Cleveland, Ohio). In: International Symposium nn 
Air Breathing Engines, 3rd, Munich, West Germany, March 7-12, 
1976, Proceedings. (A77-1 7226 05-071 Cologne, Deutsche Gesell 
schaft fur Luft- und Raumfahrt, 1976, p. 333-407, 19 refs. 

The paper describes and discusses the results from some of the 
research and development programs for reducing aircraft gas turbine 
engine emissions. Although the paper concentrates on NASA 
programs only, work supported by other U.S. government agencies 
and industry has provided considerable data on low emission 
advanced technology for aircraft gas turbine engine combustors. The 
resets from the two major NASA technology development pro- 
gram:. the ECCP (Experimental Clean Combustor Program) and the 
PRTP (Pollution Reduction Technology Program), are presented and 
compared with the requirements of the 1979 U.S. EPA standards. 
Emission reduction techniques currently being evaluated in these 

programs are described along with the results and a qualitative 
assessment of development difficulty. s.O. 


A77-19881 * a Core noise measurement! on a YF-102 
turbofan engine. M. Reshotko, A. Karchmer, P. P. Penko, and J. G. 
IVIcArdte (NASA. Lewis Research Center, V/STOL and Noise Div., 
Cleveland, Ohio). American Institute of Aeronautics and Astro- 
nautics, Aerospace Sciences Meeting, 15th, Los Angeles, Calif., Jan. 
24-26. 1977. Paper 77-21. 27 p. 7 refs. 

Core noise from a YF-102 high bypass ratio turbofan engine was 
investigated through the use of simultaneous measurements of 
internal fluctuating pressures and far field noise. Acoustic waveguide 
probes, located in the engine at the compressor exit, in the 
combustor, at the turbine exit, and in the core nozzle, were 
employed to measure internal fluctuating pressures. Spectra showed 
that the internal signals were free of tones, except at high frequency 
vAxete machinery noise was present. Data obtained over a wide range 
of engine conditions suggest that below 60% of maximum fan speed 
the low frequency core noise contributes significantly to the far field 
noise. (Author I 


A 77-26 396 * if Opportunities for ceramics in the ERDA/ 
NASA Continuous Combustion Propulsion Systems Propwn. C. P. 
Blankenship (NASA, Lewis Research Center, Cleveland, Ohio) and R. 
B. Schulz (ERDA, Transportation Energy Conservation Div„ Cleve- 
land, Ohio). Energy Research and Development Administration, 
Workshop on Ceramics for Energy Conversion Systems, Orlando, 
Fla., Jan. 24-27. 1977. Paper. 5 p. 

The ERDA/NASA Continuous Combustion Highway Vehicles 
Program is concerned with the development of improved automotive 
powerplants. Specific program goals are related to an achievement of 
an improved fuel economy, low emissions, multifuel capability, and 
marketability. An employment of high temperature ceramic materi- 
als is considered in connection with the development of improved gas 
turbine and Stirling engines, The ceramic materials technology 
project is discussed, taking into account the characterization of 
ceramic materials, improved ceramic materials, and questions of 
component design, fabrication, and testing, G.R. 


A77-28220 * The impact of emission standards on the 

design of aircraft gas turbine engine combustors. R. A. Rudey 
(NASA, Lewis Research Center, Cleveland. Ohio!. Society of 
Automotive Engineers, Aerospace Engineering and Manufacturing 
Meeting, San Diego. Catif-, Nov. 29-Dec, 2, 1976, Paper 760909. 14 
p. 14 refs. 

The advent of environmental standards for controlling aircraft 
gas turbine engine emissions has led to a reevaluation of combustor 
design techniques. Effective emission control techniques have been 
identified and a wide spectrum of potential applications for these 
techniques to existing and advanced engines are being considered. 
Results from advanced combustor concept evaluations and from 
fundamental experiments are presented and discussed and com- 
parisons are made with existing EPA emission standards and 
recommended levels for high altitude cruise, 'the impact that the 
advanced low emission concepts may impose on future aircraft 
engine combustor designs and related engine components is 
discussed. (Author) 


A77-28226* Cyclic structural analyses of air-cooled gr 

turbine blades and vanes. A. Kaufman and R E. Gaugler (NASA, 
Lewis Research Conter, Cleveland, Ohio). Society of Automotive 
Engineers, Aerospace Engineering and Manufacturing Meeting, San 
Diego, Calif.. Nov. 29-Dec. 2, 1976, Paper 760918. 15 p. 16 refs. 

The creep-fatigue behavior of a fully impingement-cooled blade 
for four cyclic cases was analyzed by using the Eias 55, finite- 
element, nonlinear structural computer program. Expected cyclic 
lives were calculated by using the method of Strainrange Partitioning 
for reversed inelastic strains and time fractions for ratcheted tensile 
creep strains. Strainrange Partitioning was also applied to previous 
results from a one-dimensional cyclic analysis of a film-impingement- 
cooled vane. The analyses indicated that Strainrange Partitioning is 
more applicable to a constrained airfoil such as the film-impinge- 
ment-cooled vane than to the relatively unconstrained fully impinge- 
mant-cooled airfoil. (Author) 


A77-28S77 * § Optica) detection of blade flutter. W. C. 
Nieberding and J. L. Pollack (NASA, Lewis Research Center, 
Cleveland, Ohio). American Society of Mechanical Engineers, Gas 
Turbine Conference and Products Show, Philadelphia. Pa., Mar. 
27-31, 1977, Paper 77-GT-66. 10 p. Members, SI. 50; nonmembers, 
S3.00. 

The paper examines the capabilities of photoelectric scanning 
(PES) and stroboscopic imagery (SI) as optical monitoring tools for 
detection of the onset of flutter in the fan blades of an aircraft gas 
turbine engine. Both optical techniques give visual data in real time 
as well as video tape records. PES is shown to be an ideal flutter 
monitor, since a single cathode ray tube displays the behavior of all 
the blades in a stage simultaneously. Operation of the SI system 
continuously while searching for a flutter condition imposes severe 
demands on the flash tube and affects its reliability, thus limiting its 
use as a flutter monitor. A better method of operation is to march 
for flutter with the PES and limit the use of SI to those times when 
the PES indicates interesting biade activity. S.D. 


A77-2WM* # NASA Quiet, Clean General Aviation Turbo- 
fan /OCGAT/ program status. D. L. Bresnahan and G. K. Sievvrt 
(NASA, Lewis Research Center, Cleveland, Ohio). American Society 
of Mechanical Engineers, Ges Turbine Conference and Products 
Show, Philadelphia, Pa.. Mar. 2731, 1977, Paper 77-GT-77 8 p. 
Members, SI. 60; nonmembers. S3.00. 

Emissions pollution studies, noise studies, and engine perfor- 
mance studies and their place in OCGAT developmental program 
status are reported. The Lycoming TFE 731 turbofan engine, the GE 
T700-GE-700 high bypass ratio turbofan, and the AVCO-Lycoming 
LTS 101 turboshaft engine ate prominent candidates in the tests for 
urban quiet turbofan service. Two phases in the program are 
characters -d. Engine quieting, polluting emissions abatement, and 
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fuel economies arc particularly important lor the anticipated rise in 
number of jet propulsion craft using smaller airports adjacent to 
communities accustomed to low noise/pollution backgrounds. R.D.V. 


A77-28607 * If Altitude engine test of a turbofan exhaust get 
mbtet to conserve fuel. R. R. Cullom and R. L. Johnsen (NASA. 
Lewis Research Comer. Cioveland, Ohio). American Society of 
Mechanical Engineers, Gas Turbine Conference and Products Show, 
Philadelphia. Pa.. Mar. 27-31, 1977, Prater 77-GT-97. 6 p. Members. 
SI. 50; nonmembers, S3.00. 

A comparison of the specific luol consumption was mode with 
and without an internal mixer installed in a low bypass ratio, 
confluent flow tutbofon engine. Tests were conducted at several 
Mach numbers and altitudes lot core to fan stieatn total temperature 
ratios of 2.0 and 2.5 and mixing lengths ol L/D - 0.95 and 1 .74. For 
these test conditions, the specific fuel consumption improvement 
varied from 2.5 to 4.0 percent. (Author) 


A77-2W30 • Simulation of a tutbofan engine for evaluation 

ol multivariable optimal control concepts, K, Seldnot (NASA, Lewis 
Research Center, Cleveland, Ohio), lit; Productivity; Proceedings ol 
the Joint Automatic Control Conlurencu, West Lafayette, Ind,, July 
27-30, 1976, (A77-28626 12-63) Now York, American Society of 
Mechanical Engineers, 1976, p. 117 123 

This paper describes the development and use ot a real time 
simulation ot the F 100-PW 100 tutbofan engine. The simutation is 
being used in a multi-variable optimal cantrois research program 
using linear quadratic regulatory theory, The simutation is used to 
generate linear engine models at seiectuo operating points and 
evaluate the conttol algorithm. The paper discusses a technique to 
reduce the order of the model and compares selected results hntvvecn 
hf(tfl and low order models. (Author) 


*77-32239 • § Effect of andwall cooling on secondary Rows 
In luitine tutor vanes. L. J. Goldman and K. L. McLallin (NASA. 
Lewis Research Center. Cleveland, Ohio). NA TO. AGAHO. Propul- 
sion and Energetics Panel Conference. -19th, The Hague. Netherlands. 
Mar. 28 Apr. 4. 1977, Paper. 28 p. 9 rets. 

An experimental investigation was performed to determine the 
effect ol cndwall cooling on the secondary flow behavior and the 
aerodynamic performance of u core-turbine stator vane. Thu in- 
vestigation was conducted in a cold-air, lull-annular cascade, where 
three-dimensional ellects could bo obtained. In om- configuration, 
the cooling holes wore oriented so that the coolant was injected in 
tine with the rnviscid streamline direction. In another configuration, 
the coolant was injected at an angle of 15 deg to the inviscid 
streamline direction and oriented toward the vane pressure surface. 
Total-pressure surveys were taken downstream of the stator vanes 
over a range ot cooling Hows. Changes in the total-pressure contours 
downstrosm ot the vanes weru used to obtain the effect of cndwall 
cooling on the secondary flows in the stator. Comparisons are made 
bitwen the two coolod-endwall configurations and with the results 
obtained previously for solid (uncooled) endwalts. (Author) 


A77-37077 • a Design and performance of energy efficient 
propellers for Mach 0.8 cruise, D C Mikkelson, B J Blaha. G. A. 
Mitchell, and J. E. Wikete (NASA. Lewis Research Center . Cleveland. 
Ohio). Society ot Automotive Engineers, Business Aircraft Meeting, 
Wichita, Kan.. Mar 29 Apr. 1. 1977 . Paper 770458 29 p 26 rets. 

It is believed that a fuel saving of 14 to 40 nerccnt may he 
realitud by tire use o( an advanced High-speed turboprop. This 
turboprop must be capable of high etliciency at Mach 0.8 cruise 
above 9.144 knr altitude if it ts to compete with tutbofan powered 
commercial aircraft. Several advanced aerodynamic concepts were 
investigated in rucent wind tunnel tests under NASA sponsorship on 
two propeller models. These concepts included acrodyiiamicailv 
integrated propeller /nacelles, area riding, blade sweep, reduced blade 


thickness and power (disk) loadings several times higher Mian 
conventional designs. The aerodynamic design methodology lor tlttso 
models is discussed in this paper. In addition, some of the 
pialimmory test results ate presented which indicate that propeller 
not efficiencies near 80 percent were obtained for high disk loading 
propellers ojwrating at Mach 0,8. (Author) 


A 77-38652 • » Evaluation of an F100 multivariable control 
using a real-time engine simulation. J. R. Sruch. J. F. Soedor (NASA, 
Lowis Research Center, Cleveland, Ohio), and C. Sklra IUSAF, Aero 
Propulsion Laboratory, Wright-Pattorson AFB, Ohio), American 
Institute of Aeronautics and Astronautics and Society of Automotive 
Engineers. Propulsion Conference. 13th, Orlando. Fla.. July 11-13, 
1977. AIAA Paper 77-835. 13 p. 16 refs. 

The control evaluated has been designed for the FIOO-PW-IOO 
tutbofan engine. The F 100 engine represents the current state-of-the- 
art in aircraft gas turbine technology. The control makes use ot a 
multivariable, linear quadratic regulator. The evaluation procedure 
employed utilised a real time hybrid computer simulation ot tho 
F100 engine and an implementation of the control logic on tho 
NASA LettC digital computer'controllor. The results ot tho evalua- 
tion indicated that the control logic and its implementation will be 
capable ot controlling the engine throughout its operating range. 

G.R. 


A7 7-38668 * H Atmoipheric affects on inlats for supersonic 
cruise aircraft. G. L. Cole (NASA, Lewis Research Center, Wind 
Tunnel and Flight Div.. Cleveland, Ohio). American Institute of 
Aeronautics and Astronautics and Society ot Automotive Engineers, 
Propulsion Conference, 13th. Orlando. Fla, July It 13, 1977. AIAA 
Paper 77-874. lip, 1 2 ref s. 

Time response affects ot atmospheric type disturbances on inlets 
and same implications icgoi ding inlet conttals are considered. A 
.study involving the simulation ot a mixed-compression inlet is 
described. The study employs a linear dynamic analysis, modified for 
a significant nonlinearity, Transient disturbances in ambient tempera- 
ture and pressure and wind gusts are considered independently at the 
inlet cruise Mach numlrer ol 2.5 The presented results show the 
maximum amplitude ot a triangular -wave disturbance, that does not 
cause inlet unstar t, as a function of disturbance pulse width. G.R. 


A77-38597 • a Aero-acoustic performance comparison of core 
angina noise suppressors on NASA quiet engine 'C\ H. E. Bloomer 
and J. W. Schaefer (NASA, Lewis Research Center, Cleveland, Ohio). 
American Institute of Aemnautics and Astronautics and Society of 
Automotive Engineers, Propulsion Conference , 13th, Orlando, Fla., 
July 11-13, 1977, AIAA Paper 77922. 14 p, I5reis. 

The purpose of tho experimental program reported herein was 
to evaluate and compare the relative aero-acoustre eftoctiveness of 
two core engine suppressors, a contractor-designed suppressor 
delivered with the Quiet Engine, and a NASA-designed suppressor, 
designed and built subsequently. The NASA suppressor was tested 
with and without a splitter making a total ol throe ccnfigurolions 
being reported in addition to the baseline hardwail case. The 
aerodynamic results are presented in terms of tailpipe pressure toss, 
corrected not thrust, and corrected specific fuel consumption as 
'functions of engine power setting. The acoustic results arc divided 
into duct and fur-field acoustic data The NASA-designed core 
suppressor did the better job of suppressing all end noise, but the 
splitter associated with it caused a significant engine performance 
penalty. The NASA core suppressor without the splitter suppressed 
most of the cote noise without any engine performance penalty. 

(Author) 
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(Author) 
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A?>>5T074 • if Summary ot forwatd vslocity effscts on (an 
"***■ c - 6 - Flil *' »"d J- F, Groanewag (NASA, Lswii Rasterch 
Ointir, Cleveland, Ohio). American Institute of Aeronautics and 
Astronautics, Aetoscoustics Conference, 4th, Attain Ga Oct 3-S 
1977, Paper 77-1319, 11 p. 31 refs, 

Th# available experimental data comparing the in-flight «no 
ttattc behavior of Ian noise are reviewed, These result* are then 
compared with recent data obtained for a fan stag* tested with 
forward velocity in the NASA Lewis .9x15 low speed wind tunnel. 
Tentative conclusions are presented, based on the author's judg- 
ments. about the significance and natura of the changes in noise 
observed when a forward velocity is Imposad, Finally, the Implica- 
tions of the emerging picture of in-flight tan tourc* noise for 
suppressor design are discussed. (Author) 


A77-B10B7 * f> Acoustic performance of Inlet muldpte-iMi*- 
tone suppressors installed on NASA Quiet Engine 'C'. H. E. Bloomer. 
J. W. Schaefer, E J. Rice, and C. E. Feller (NASA. Lewis Research 
Center, Cleveland, Ohio). American Institute of Aeronautics and 
Astronautics, Aeroacoustics Conference, 4th, Atlanta, Ga. Oet, 3-5 
1977, Paper 77. 1333. 10 p, 1 1 refs. 

The purpose of the experimental program reported herein mi 
to define the length of multiple pure tone (MPTi tteitment required 
to reason ably suppress the MPT'* produced by a su parsonic tip weed 
fan and also datarmlne what other suppression, broadband, and blade 
passing frequency (BPFI, might be accomplished. The experimental 
results are presented In terms of both far- field and duct acoustic 
data. Front quadrant sound power level reduction in the tar field is 
shown to agree with duct measurements over the range of treatment 
lengths. Detailed one-lhtrd octave and narrow band spectra at the 
maximum forward noise anglo ore presented. Soma detailed analyses 
of one-Ihird- octave band amplitudes are shown as a function ot 
tar.fleld angle. An approximate spinning mode duct propagation 
analysis Is then Introduced which predicts the acoustic suppression 
by the treatment on the multiple puro tones. (Author) 


A7T-51QBB * 4 Effects ot tl mutated flight on fan noitt sup- 
pression- M. P. Heitfmann and D, A. Dietrich (NASA. Lewis Research 
Center. Cleveland, Ohio). American Institute ot Aeronautics and 
Astronautics. Aeroacoustics Conference. 4th. Atlanta, Ga, Oct 33, 
1977, Paper 77- 1334. 22 p. 17 rets. 

Attenuation properties ot three treated for inlets were evaluated 
in the NASA-Lawit Anethole Wind Tunnel using a subsonic tip 
spaed, 60.3 cm-dlarneter tan. Tunnel flow simulated the inflow 
c!eirt-up effect on source noise observed in flight and allowed 
observation of tho blade passage frequency tone cut-off phenom- 
enon. Acoustic data consisted of Isolated Inlet noise measured in the 
fat field at two positions and with traverses at four frequencies. 
Averaged attenuation properties showed relative agreement of the 
Inlets with their design intent: however, tunnel flow significantly 
affected the attenuation spectra. With no tunnel flow tho strong 
blade passage tone was more highly attenuated than the adjacont 
broadband noise. With tunnel How, whan cut-off was observed, the 
attenuation at the tone frequency was comparable to that for 
broadband noise. Tunnel flow increased by several dO the maximum 
attenuation occurring at midlraquenclos of the attenuation spectra. 
Tho combined effect of tunnel flow on attenuation and sourco noise 
resulted in suppressed fan noise levels throughout tho spectra. Tunnel 
flaw caused tome substantial directivity variations that are Inter- 
preted as acoustic nurd- ebunges. with tunnel flow generally reducing 
the proportion of modes near cut-off. (Author) 


M77-10M4*! Pratt and Whltnoy Auctah. East Hartford, Conn 

EXPERIMENTAL CLEAN COMBUSTOR PROGRAM: NOISE 
STUDY 

T G. Sofrtn and N Rilolf, Ji Sep 1976 191 p rets 
(Contract NAS3- 18544) 

INASA CR-135106, PWA 5458! Avail NTIS 

HC A09/MF AOt CSCL 21E 


Under a Noise Addendum to the NASA Experimental Dean 
Combustor Program (ECCPI internal pressure fluctuations ware 
measured during tests of JT9D combustor designs conducted In 
e burner test rig. Measurements were correlated with burner 
operating parameters using an expression relating ftrfield noise 
to these parameters For a given combustor, venation of internal 
noise with operating parameters was reasonably well predicted 
by this expression but tho levels were higher than fertield 
predictions am) differed significantly among several combustors 
For two burners, discharge stream tamperatura fluctuations ware 
obtained with test-response thermocouples to allow calculation 
of indirect combustion noise which would be generated by passage 
of the temperature mhomogeneitlas through the high pressure 
turbine sieges of a JT90 turbafan engine Using a previously 
developed analysis, tho computed indirect combustion note# 
was significantly lower than total tow (raquancy cora noise 
observed on this and several other engines Author 


N77 1104*** Ai Research Mfg Co . Phoems, An* 

COMPRESSOR BLADE SETTING ANGLE ACCURACY 
STUOV. VOLUME 1 Final Report 

F F Holman end J R Kidwetl Jun, 1976 107 p rafa Sponsored 
by Army Air Mobility Res and Develop Lab.. Moffatt Field. 
Calif. 2 Vol 
{Contract NAS3- 18024) 

INASA-CR- 1 36069- Vol 1 AiResaaieh-73-311305-Vol-1) Avatl 
NTIS HC A06/MF AOt CSCL 21E 

The aerodynamic test of e small, singta siege, highly loaded, 
axial how transonic compressor is covered The stage was modified 
by fabricating • 24 blade rotor with mls-set blades in a repeating 
paiiuni - two degrees closed from nominal, two degrees open 
from nominal and nominal The unit was mstrumemad to detarmme 
overall performance and avatage blade element data. High- 
response. dynamic pressure probes ware installed to record 
pressure patterns at selected points in the flowpath Testing 
was conducted at speeds horn 70 to 94% of design equivalent 
speod with a conventional casing and also with circumferential 
grooves over the rotor tip Testing indicated severe performance 
penalties wore incurred as a rasult of the mrs-set blading Lower 
tow. pressure retro, and efficiency were observed toi the stage 
with or without casing treatment Potiodic pressure variations 
wore detected at every location where high response pressure 
sonsoij were located and wore directly related to blading 
geometry Author 


N77-T1047*|jl AiRcxearch Mfg. Co, Fhoemx, Am 
COMPRESSOR BLADE SETTING ANGLE ACCURACY 
•TUDY VOLUME 2: DATA COMPILATION Final Report 

F F Holman and J H Kidwell Jun 1976 133 p Sponsored 
by Army An Mobility Res and Develop Lab Moffett Field. 
Calif 2 Vol 
(Contract NAS3- 18024) 

(NASA cn 135088 Vol-2 AiRoseatch-73-3 M305-Voi-2l Avail 
NTtS HC A07/MF A01 CSCL 2 IE 
For abstract, see N77 1 1046 


N77-1104S'# AiResoarch Mlg Co , Phoenix. Am. 

SMALL AXIAL COMPRESSOR TECHNOLOGY. VOLUME 1 

F F Holman J R Kidwell. and T C Were Jun 1970 185 p 
rets Sponsored in pert by Army 
(Contract MAS3-1784U! 

iNASA-CR 134627 Volt. AiRasearcb-74-310862-Vol-t) Avail 
NTIS HCAQ5/MFA01 CSCL 2 IE 

A scaled single-stage, highly-loaded, axtel-flow transonic 
compressor was tested at speeds from 70 to 1 10% design 
equivalent speed to evaluate the effects of seeling compromises 
and tho indhriuual and combined effects of rotor lip running 
clearance and rotor shroud casing treatment on the overall and 
Mode olemam performance At design speed and 1% tip clearance 
the singe demonstrated an elhciency ol 83 2% at 98 4% design 
Row end a pressure ratio ol 1.865 Casing treatment increased 
design spued iu.ge margin 2.0 points to 12 8% Overall 
performance was essentially unchanged An increase in rotor 
runrenu claaianco to 2 2% with smooth casing, reduced design 
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■ncroasod pressure ra.io ,o 1.800 BnLurul ZlZto^ ^ 

Author 

WIALL^Ial Mffl Co ' Phoeni,. Aria. 

E* R.pW COMPBE 8S0R TECHNOLOGY. VOLUME 2 

Spo F n s ^d1n n -ir, R h y K X W my ^ ? C Wa "* Ju " '»» 329 p 

(Contract NAS3-17848) 

«» S£srr«5S ! a "‘ ” •"» 

Author 

^m^pLlurts Oto. ,i,n ° V AirCrBft - EaSt H9rtf0,d ' <=»«> 

phase' combu »ton program, 

G - 6 - Wtti Nov - ,976 p -fa 

TTas%?Z 9: CSCL^ e " 54 1 81 Awil: NT,S 

CTO^^ fcr commercial 

«od in a full-scale J-raOenoms inVsrfi ta S bno,op V was demonstra- 
of the two best combusto? cancel* warn S?%T 0 r6, ' nBmen ' 
are the vorbw combustor anrf ! BstBd ‘ ^h®*® concepts 

the pilot zone of the stan^onm'* CQml * I3,c,r whlch combines 
zone of the swirl nun IS P ™ m '* combus '°r and the main 
reduced all pollutant emissions 

sna rKSsra 

and carbon monoitide but did u " bum ® d hydrocarbons 

oxides of n^^n’^uTdid 80 ^ ^V^ med ^rocarbons and 
aoal Performance of the vorbi* cnm h„c» V * th * cartWn monoxide 
requirements. On the basis of th<^ U ^ r i appr0,i:hB<l lhe Bn 8 in ® 
tor was selected for me enainl 1 rBsul,s ' *• votbi* combos- 

study wssTtfi to Bn ; s sr on zr m - A «-*- 

imposed by the low-emission f control requirement* 

conceptual control system dMin^^ t ° r concept3 8nd t0 identify 
completed on two Bffo "* '"-re Mo 

a combustion noise addendum * ,, * mat * fu#f * addsndum and 

Author 

East Haafani ^ 

aiSSSSS 

K O Shefflor and J. J. Jackson Dec 1978 93 n 
Commcts NASS- 197 14: NAS3- 19732) 93 P ^ 

tNASA-CR-1 35005- PWAsism 

HC AOS/IWF AO! CSCL 21E AW# " ; NTIS 

airfoil and root-platform rt«e^. ^ nc * d . h ° • ut * cWc 
conditions for these tests Results of -5j’ B " n,ne Bpproprt * ,B 
longitudinal Bpecim.r)s(Pm«»!S ,BS,B “"ducted on 

direction) containing a simulated r«.H>V^!!? f ° ,he “Edification 
indicated the longitudinal TMF orooert^ 0 C00,ino h 01 ® Panern 

52 ~" — 

Author 


FIMR^mposiTf Fa^o!'.? - Cil ’cinnati, Ohio. 

PROGRAM Fina| 1 Rewt L *° E ’ MPACT 'MPROVEMENT 

T_ L. Oiler Dec. 1978 179 p refe 
(Contract NAS3- 17838) 

H^AO^MF^AO^CSCL^sfE EG4E ^ AVail: NT,S 

parameters which effe^tCfoLA™oWMtd BS ' flnetl inve3, ' 0 a,e 

ingestion of birds into fan blades 0 ™^ d h"!f 9 i! re ? ul,fn 8 from 
on thfs program included th* h cribed. Work performed 
testing of QCSEE Tan htdt T fabr,catlon - a " d impact 
resistance relative , e, *L °™ n ?T '"™men, j„ 
damonstration of 

Hartford, Conn. 

technolog. e sforfu ™ RE*. r^ d D .^ ate " ,a l « 

ENEINES fUTURE AIRCRAFT TURBINE 

J- W Bisset Nov. 1976 38 p refs 
£27? NAS3-20072: et al) 

(NAS V-CR-135107; PWA-54B31 

HC Ajj/MF A01 CSCL 21 E Avai,; NT,S 

are described. Dwsbp^nT ^ c^ l ^ ,me " :la, 0BS ,urtlinB materials 
probabilities of 8u «eJs ’«XS Pav °" s a " d 

investigated ate: ( 1 ) single cnrstal 1 lif ,achno| oflies 

hot isostatic pressed turtitee^ ^ndvsn S 2 .!’ >9 !! stfBn ° th 
strengthened burner liner ( 4 ) to™ a * ,a ” ced °* ,d » dispersion 
pressed turbine disk. (BMurtZ Wade T?"* h °‘ ,SO,t « ic 
and (6) advance turbine blade alloys P * 0UWf a,raaal ! "* Bm - 

M.C.F. 


KSSfSC 1 Teladvne Continental Motors. Mobile. Ala, Aircraft 

TION AIRCRAFT ENGINES ,NTERM,TTENT COMBO* 

1976 R 2 8 02 t refe eV8rS ’ J ' ^ TUCl,er * Bnd S ‘ J - S.uckas Nov. 
(Contract NAS3- 19755) 

(NASA-CR-T 35074 TCM nonci 

HC AI0/MF AOt CSCL 21 A 52 Av " il: NT1S 

ftlSSSSS-^- S= 

relative importance and trarinri n« = aveloped. appraised for 
its merit could be determined A T'T ^ COnCep ' 50 ,haI 

astsSSTwSWss 

mended to NASA for annmuai 8 S ni, ' on System were recam- 

- — . JE£ res ssKrsar* 

Author 


S“! s m ‘" m ***•■ 1“ M "«»> c.~ 

JK“‘“™,1S” S0 “ ,C no "' > ^ »t™v, 

?sA "S'T'.i, J «« t s.».,» 

(Coniract NAS3 19540) 

HC fl Aoe/MF^Ao^ cscL^e a, “ l N " s 

™>.r; * *“rr a » ■» «» 

supersonic cruise aircraft This conr^i P ' f °' advanced 
components and a uniqi^^h^Ue se^i^le^oMnde^mde nt^con^rW 
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ot two flow streams to provide low jet noise in takeoff and 
high performance at both subsonic and supersonic cruise The 
advanced technology oilers a 25% improvement in airplane range 
and an 0 dc phle reduction in takeofl noise, relative to first 
ganeratton supersonic turbojot anginoa. Author 


N77-1{043'| General Electric Co . Ctncinnatr. Ohio Aircraft 
Engine Group. 

STUDY OF UNCONVENTIONAL AIRCRAFT ENGINES 
DESIGNED FOR LOW ENERGY CONSUMPTION 

R. E. Neiuel. R- Hirechkrott. and fl. P. Johnston Dec. 1976 
166 p rets 

IContract NAS3- 195 19) 

(NASA-CR- 135136; R76AEG597I Avail NTIS 

HC AOB/MF AOI CSCL 2 IE 

A study of unconventional engine cycle concepts, which may 
olfar significanlty lower onergy consumption than conventional 
subsonic transport turbolans. is desenbed herein A number of 
unconventional engine concepts were identified and parametrically 
studied to determine their relative luel-saving potential. Based 
on results from these studies, regenerative, geared, ond variable- 
boost turbofans, and combinations thereof, were selected along 
with advanced turboprop cycles tor further evaluation ond 
refinement Preliminary aerodynamic and mochanica! designs of 
these unconventional engine configurations were conducted and 
mission performance was compared to a conventional, direct-drive 
turotan reference engine Consideration is given to the unconven- 
tional concepts, and theii state of readiness for application. Areas 
of needed technology advancement are identified Author 


N77-1t044'| Pratt and Whitney Aucraft. East Hartford. Conn 

ANALYSIS AND DESIGN OF DIGITAL OUTPUT INTERFACE 
DEVICES FOR GAS TURBINE ELECTRONIC CONTROLS 
Final Repost 

D. M, Newitth and E. W Koenig Dec 1976 66 p 
IContract NAS3-I9898) 

(NASA-CR- 1 35136. PWA-5471) Avail: NTIS 

HC A04/MF AOI CSCL 21E 

A trade study was performed on twenty-one digital output 
interface schemes for gas turbine electronic controls to select 
the most promising scheme based on criteria of reliability, 
performance, cost, and sampling requirements. The most promising 
scheme, e digital effector with optical feedback of thu fuel metering 
valve positron, was designed Author 


N77-1S0S2*# Solar. San Diego. Calif 

ADVANCED RADIAL INFLOW TURBINE ROTOR PRO- 
GRAM: DESIGN AND DYNAMIC TESTING Final Report, 
10 Jun. 1974 - 1 Jun. 1979 
Colin Rodgers Sep. 1976 9t p ref 
IContract NAS3- 185241 

INASA-CR 136080: SOLAR-ER-2519) Avail: NTIS 

HC AQ5/MF AOI CSCL 21E 

The advancement of small, cooled, radial inflow turbine 
technology in the area of operation at highor turbine inlet 
temperature is discussed. The first step was accomplished by 
designing, fabricating, and subjecting to limited mechanical testing 
an advanced gas generator rotating assembly comprising a 
radial inflow turbine and two-stage centrifugal compressor The 
radial inflow turbine and second stage compressor ware designed 
as sn integrally machined monorotor with turbine cooling taking 
place basically by conduction to the compressor. Design turttftte 
inlet rotor gas temperature, rotational speed, and ovoratl gas 
generator compressor pressure ratio were 1422 K (2560 R). 
71,222 rpm. and 10/1 respectively Mechanical tasting on a 
fabricated rotating assembly and bearing system covered 1,000 
cold start /stop cycles and three spins lo 120 percent design 
sfnum 186.466 rpm) Aulhor 


N77-17060*# General Elociric Co . Cincinnati. Ohio Dept, of 
Advanced Engineering and Technology Programs 

SINGLE-STAGE, LOW-NOISE. ADVANCED TECHNOLOGY 
FAN. VOLUME 4: FAN AERODYNAMICS. SECTION 1: 

RESULTS AND ANALYSIS 

T. J Sullivan, l Silverman, and D R Little Feb 1977 1B6 p 

refs 

(Contract NASS- 168131 

(NASA-CR - 1 34992. Doc-R76AEGS65-Vol-4) Avoil: NTIS 
HC A08/MF AOI CSCL 20A 

Test results at design speed show fan total pressure ratio, 
weight flow, and adiabatic ofticioncy to bo 2 2, 2.9. and 1.8% 
lower than design goal values. The hybrid acoustic Inlet (which 
utilnos a high throat Mach number and acoustic wall treatment 
for noise suppression) demonstrated total pressure recoveries of 
98.9% and 98.2% at takeoff and approach. Exhaust duct pressure 
lasses differed between the hardwall duct and treated duct with 
splittar by about 0.6% to 2.0% in terms of fan exit avoiago 
total pressure (depending on operating condition). When the 
measured results wore used to astimato pressure losses. 8 cruise 
sfc penalty of 0.68%. due to the acoustically treated duct, wes 
projected Author 


N77-17091*| General Electric Co . Cincinnati. Ohio Dept ot 
Advanced Engineering and Technology Programs. 

SINGLE STAGE. LOW NOISE. ADVANCED TECHNOLOGY 
FAN. VOLUME 4: FAN AERODYNAMICS. SECTION 2: 

OVERALL AND BLADE ELEMENT PERFORMANCE DATA 
TABULATIONS 

T J Sullivan Fob 1977 340 p refs 
(Contract NAS3-16813I 

INASA-CR 134893: Doc-R76AEG566-Vol-4I Avail NTIS 
HC A15/MF AOI CSCL 20A 
For abstract, seo N77 17060 


N77- 17092*# Teledyne Continental Motois, Mobilo Ala 

TCM AIRCRAFT PISTON ENGINE EMISSION REDUCTION 

PROGRAM 

Bernard Reiy In NASA Lewis Res Center Aircraft Piston 
Eng Exhaust Emissions Symp Sop 1976 p 227-254 (For 
primary document see N77-17081 08-071 
IContract NAS3-19755) 

Avail; NTIS HC A16/MF AOI CSCL 21E 

Tha technology necessary to safoly reduce general aviation 
piston engine exhaust omissions to meet the EPA 1980 Emission 
Standards with minimum adverse effects on cost, weight, fuel 
economy, and performance was demonstrated A screening ond 
assessment of promising emission reduction concepts was 
provided, and the preliminary design and development of thoso 
concepts was established A system analysis study and a decision 
making ptocedure were used by TCM to ovaluatc. trade off. and 
rank the candidate concepts from a list ot 14 alternatives. Cost, 
omissions, and 13 other design enteua considerations were defined 
and traded off against each candidate concept to establish its 
merit and emission reduction usefulness. A computer program 
was used to aid the evaluators in making the final choice of 
three concepts, Author 


N77-171Q0*# Teledyne Continental Motors. Mobilo. Ala. 
REVIEW OF MEASUREMENT AND TESTING PROBLEMS 

In NASA. Lewis Res Center Aircraft Piston Eng Exhaust 
Emissions Symp. Sep. 1976 p 357-378 (For primary document 
see N77-17081 08-07) 

Avail: NTIS HC A16/MF AOI CSCL 21 E 

The exhaust emission test was designed to mossure 
hydrocarbons, carbon monoxide, and oxides of nitrogen concentra- 
tions and determine mass emissions through calculations during 
a simulated aircraft landing-takeoff cycle. Tho calculations requited 
to convert exhaust omission concentrations (raw emission 
measurements) Into mass emissions were emphasized Author 
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Cjtaloff. and A W Knudson j„ n p S 4 ' M ° C '°- ° 

(Contract NAS 3 - 19068 ) P Gfs 

(NASA*CR* 1351 10 ; NA~ 70 * 47 O) . 

HC A 09 /MF A 01 CSCL 21 E Av0ii NTiS 

condlc^Tde'C ZZ ™Z t3a ' aUV0 ° Valua " on s,ud V was 

the affects nf i 9 1 approximate method for evaluating 

Buporaomc cruise alrp^ano°and^ to^ vThf^h 10 * 8 *° r an drivoncet1 
by comparino its rni«mn ^ tho a P prox,rno *o method 

ntoto doS na” is A mbt loo n k CO r Ul ' 3 W ‘ ,h ,hDS8 a 

developed to dotarm rte nacn hi h° ‘ co "’ pu,,! ' was 

paramo, dc 00^^"* fa '. ^ 


i 2 JSS- p * jr* r « « 5 C « ». 

(Contract NAS 3 - 19433 ) 

(NASA-CR- 135126 , EDR -90711 a 

HC Atl/MF AO) CSCL 2 , E Ava " NT,S 

ah.,l^l''p, S D pZ,o'3 n o7 a n eB ? S s r i r i n? ,' f 7? nS,ra,a «" «*• 

53 1 with an adiabatic afficioncv of bt q*v t»» < 
has e 6 °8 mm inlo , diameter .,i,h „ Tub/.* ra,f 0 Vo426 

taw r.TT^Tt 1 5 ” 4 m/S ° C Th ° dBSIfln '"<« « 

,o tr 


ISmbi’oh Conn 

S" TE ROTO " : «RODVNAM,c an7^ G a^c T a H e 

l f E Hallo. G D Burger. and H E. Dundas Mar !977 198 p 
(Contract NAS 3 - T 5335 ) 

(NASA»CR» 135 122 . PWA'*54R7i % 

HC A 09 /MF AOt CSCL, 21 E Avi " 1 NT,S 

of flTTT/ l001 ' 0d ' s,n 9 lo ' sla P fT compressor hnv.ng a „ p spnacf 

s* 

S 3 Fr ri ■“ -“sssssasK. sr 

Corroded design flow is 83 4 ko/snr j T 0 ^ 

18,200 rpm. and rotor inlo, , lp d.amete? 7o a S ? TtI P * 
uses mullfplo-crcular-orc ai, foils from 0 to 15% 0,0™™'°'°' 

43 % 5D?n' S and SUm " 19 S,n(, '° 5U °''° ° b '“ 1 " 0 ’^kt, »™>" 2 Mo 
•hettte fmm « p ' ncomprDS5,on airfoils assuming multiple oblique 
shocks from 52 % span to the up Because of tho high tip soeeds 
m. ro,o, blade, are designed ,0 be fabricated of co~. 
matenals Two composite matonals wore Investigated Courtaulds 

ZKX 5 o, ■ Ko,, r eot poWm ' d ° 

same fibers in a PMR poly.m.do moms In adrlibon to provider,, 
a description o, the aerodynamic and mechanical design of the 

, 6 0s?s°Gf 1 hh, O H 17 d,sc ‘ ls5i0 " ,s P'BSontrtd of tho results of structural 
tests of blades fabricated with both types of matrices Author 


sxEmSjsi r M """' a ”*"' e “ 

S" u '« AincoArr tNoSS."'," , F .°:„ SU,,E "‘°“'« 

Z££*SL.‘S,iS "« sr . ,.r. 
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performance t „ advanced e l,. 51 om.ssions and hrgh 
configurations ranging from currant 7 0 ' 19lnfls Duel b,, ' nu ' 
advanced concepts such as urorm, a,,,Un ' 0, ,oct >noio gv l0 
defined. Aerothermal » nrt L7 ^ T po ' ,lod bu,,,0,s wore 
the tmnZ TcZln uLr co T Ca ', d0SI9n S ' U,i,os provld8d 
omissmns, pofformanco onnir Stjf0t,0 ” s using tho criteria of 
relative -Isf Xto ^ 7' 9M and 

exponmontal low omissions mnin h. d fr ° m rocoml V defined 
both low omissions and hmh na, in m ° ,S ” re roqu ' ,od 10 achmvo 
based on the Vorbnc IVnrtn. 1 , rrnanco B Qa ls A configuration 
concept was analytically detorminad’ra^'lter 1 i Z a) ao 7" bUS ’°' 
cycle ongin'o T *» ^ STtZS 

pCams mPU „ b '° W " h ,h ° -^^loo-tLrame^T^r.^ 

A _ . 


N 77 - 20103 *# Compute, Systems International. Inc, Seabrook. 

NA S Jv U /«aca F ™ E e OPT| MI2ATION METHOD USED IN THE 
FtaeVfiora TURBINe engine COMPUTER CODE 

sai sts “,?• e",r;s ,a “ “•» *—• - ■ 

(Contract NAS 3 - 20280 ) 

(NASA- CR- 135180 ; AMA-77-II a . 

HC A 04 /MF AOf CSCL 2 1 E A ' ,a " NT,S 

ssar 

m°;:bS,r^? od m r wat,na *£££& s 

numba S0U f C d °* n°^°^' na °°aad S |o b^hdro^c^'by an°i 7 iiH?u^ 

;n polyn m d af ;pr a SST Z2 

results 0, several computer runs are presented ,0 show the effects 

::::r ora, “ co of soi ° c,iv ° — 

Author 


En”,',o 0 G,° a ^ G ° naral EI ° C,r,i: & Aircraft 

PRELIMINARV DESIGN STUOV OF ADVANCED MlllTI 

™^ZJ L %n co ** *»MSZ£r& SK 

95 p rafs' 0, ‘ C C K ° Ch “ nd L H Smi,h - J ' Fob ,9 77 
(Contract NAS 3 - 19444 ) 

(NASA-CR- 1 35133 , R 77 AEG 222 I Avail NTIS 

HC A 05 /MF A 01 CSCL 21 E NTI ' S 

. k, A p ' ollm,r '°' V ril ' 5 ' 9 " stud '' was conducted to Identify an 
C0 '° KO "’' >msso, to ' m new h.gh.bypas,-,at, 0 

he 1980 °" a’’° S '? b0 mt,oducod ,n ' D commercial service in 
tho 1980 s Air evaluation of anticipated compressor and related 
component ,985 state of tho art technology was conducted A 
parametric screening study covermg a large number of con, prewor 
designs was conducted ,0 determine tho Influence of The major 
compiussor design foaturos on olficioncy. weight, cos, blado 

^",''7 * 7 optKa " n S cost ' a nd fuol usage The trends 
obsorvod ,,, ho parametric screening study wore used to dovolop 
three high ollicioncy, high oconumic-payoff compressor designs 
These throe compressors wore studied m greater detail to better 
evaluate their aerodynamic and mechanical feasibility Author 
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Jan 1977 10 S P 

I Contract NAS 3 - 20034 ! , NTIS 

(NASA-CR- 1 35161. EOR- 9020 ) 

and propulsion system dnvoop^ pl^ 

Propulsion system consists of two ' >/ togothor with 

ono turtjoshoft engine and Oi S " P »rel,er ieve.s 

shafting into a combiner 0 OB ' bo ". ° S, hl had P XT 701 AD-700 

from 40 X 80 test data were«ithn theesiablishe ca , cu!a , os 

limits. The throe cng.no-throe fon sy; “ . co msu)Mod or 
Oither vertical or convoitttonol *'0 *XT 701 onBtno morfifica- 

uninstallod Design study resuUs to XT 701 1 eng f 

„ons. bevel gear cross shaft X'Te descnbod Op .onal water- 
and propulsion system contra » »» d ”, 0 3% on a 90 F 
alcohol injection increased total ot thru t he 

day Engines have sufficient turbmr 'do for buu non 

HTA duty cycle 
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SINGLE STAGE. LOW NOISE. AD va SECTION 2: 

NARROWBAND TRACES Final Report 


ONE-THIRD OCTAVE DAI A 

SXrROWRAND TRACES Final Report 

Ft R Jutros May 1976 479 p re s 
(Contract NAS3-16B13) Avail NTIS 

(NASA-CR 134995. R75AEG43D 

HC A21/MF A01 CSCL 21E s ,.„ dott i d 0V . bom acoustic 

Tho raw-acoustic data corrode , , , , -iqq powton 

tests performed on a 0 508 .calolai, 1 I^OOnW^ 

thrust, full-site engine. « h,ch , ba * ^“T s tago advanced 
pansport aircraft ora presented ,, 8 „ a tip 

,BCh dtf 0 UTXftX°h,eve the desired pressure ratio m a 
stall margin. The two basic approaches mkon #nd (2 , 

supptessronof '.he g"ed noise m 

rJr^ass^rsrs 

of the design was attainment o no , , oa ched. 

suppression were roaluod. 


N77-21069*# General Eloctnc Co. Cincinnati. Ohio Aircraft 
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88 p refs 

(Contract NAS3-198541 Avail NTIS 
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HC NA^devompefstabflnv and frequency mspon^analysis 
techniques w0 '° mmo^conomic approach 
rs^netr, ^uenev S 

aWK rz'zszz* whse 

" b v p t7 r.r evs-ss 

stability criwnon to tapSd by the 

line agreed with ,h0 d ° D "’' . , d t( ^ 01ica pi for one ungino 

time-dependent method to « high degme o o ^ )anation 0 , ,pls 
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The results o. tho fmeaiiiou-rrequoncy-rosponse analysis agree 

vvrth The hmo dopendon, results when 
total-pressure and exit-flow 

conditions ore loss then t percent and 3 percent, reap 
Tho stability analysis technique was tag e c.ossflow 

parallel compressor modol with and , |. prBSSU , 0 distortion 

and predictions were carried out for total pros Au , hof 

extents ol 180 dog, 90 deg. 60 deg. and 30 dag 
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am , lift cruise fan tan employed a 

luchnotOQV Aneralt T \ 19 nffts&uro f»tto 

common ?oto« of 5 L.m tator Up spo«d ot 

variable-pitch Ian designed to .„ up0 red and detailed 

284 mps Fan performance map Cost /weight/ risk 

aerodynamic chaiactonstics we ... 0 ml (an case Structuial 
trade stuifes were conducted fo, ,h « bl > " n '“" Bd and weights 
suing was conducted fo, nu oi contponents u 

determined lor both the lift and Ht.-c-u.se fans 
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60 p re*s 
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.nemo, mo .5^irnfl,o0..ilt,^ o , componart -a,,,., 

computer method based on nnnlrtos Rotating components 

and design features of 29 data B procedure whore blade 

at0 estimated by a pielimmary design ^ lpood . 

geometry, ope, oting conditions |nP ondon , variables used, 

hub-tip ratio, otc . are the primary e , -jopjad, the 

The development and i«stificat,on ' h ° 0 , ^Vgram and a 

varreus methods ot analysis, ibo use o ‘he P B Authof 
description of the input/output data aio discussed 
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42 p refs 
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For abstract, see N77-2blM 
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Curtin- Wright Com.. Wood-Ridae NJ 

naiinri'flif' E MI»»tONS, AND PHYSICAL CHARAC- 
INQt*? C# 0f A " l0T * T,HO COMBUSTION AIRCRAFT 

we* r m itt p E Moum ’ ,nd 0 

(Contract NA S3- 20030) 

A«“f *”•* ms Hc 

* l ! quid cool#d two chamber rotary combustion 
engma (Wankel type), designed tor aircraft use. was tested and 
representative baseline (212 KN. 285 BHP) performance and 
amissions characteristics estabiishod. The testing included running 

TH “I!,™' CU,W ** #nd wari#d t 8 nl,i 0ri timing to permit 
“ ' “J desirabla and practical settings for running wide 
open throttle euives, propeller load curves, variable manifold 
pressure curves covering cruise conditions, and EPA cycle 
operating points. Performance and omissions data ware recorded 

!? * ddi ! ton ,h * *»« <*«»• information 
required to characterue the angina and evaluate its performance 
m aircraft use is provided over a range from one half to twice 

m thTTaii^ to* 71,9 “* h * usl emissions results are compared 
to the 1980 EPA requirements. Standard day take-off brake 
specific fuel consumption is 356 g/KW-HR (.585 Ib/BHP-HRI 
fw th* configuration tasted. Author 


N77-20135*# General Electric Co.. Cincinnati. Ohio. Aircraft 
Engine Group. 

FA " • LADE * FO " ICAS ««OINS* 

R. G. Stebrylla and R G Carlson Jun. 1977 129 p ret 
(Contract NAS3- 18910) P 

(hlASA-CR-1351841 Avail: NTIS HC A07/MF A01 CSCL 

Processing procedures wore developed to enhance boron/ 
aluminum bond behavior and foreign object damage fFOO) 
tolerance. Design and analysis Indicated that the J 101 Stage 1 
fan blade meets the required frequencies without a midspan 
shroud. Tho fabricabmty ol full sue J101 blades was assessed 
white sis blades were fabricated and finished machined. Author 


N77-27118* + Detroit Diesel Allison. Indianapolis, Ind 

OF «*°RUl*ION *VmM FOR 
V/STOL RESEARCH AND TECHNOLOGY AIRCRAFT Final 


Mar. 1977 215 p 
(Contract NAS3-20053) 

(NASA-CR- 135207: DDA-EDR-9082) Avail NTIS HC A01 
CSCL 21E 


Tha V/STOL Resesich and Technology Aircraft iRTAi 
propulsion system design effort is limited to components of the 
lift/cruise engines, turboshaft engine modifications, lift tan 
assembly, and propulsion system performance generation. The 
uninstalled total net thrust with ail engines and fans operating 
at intermediate power was 37.114 pounds. Uninstalled system 
total nat thrust was 27,102 pounds when one lift/cruise is 
Inoperative. Components have lives above the 500 hours ol the 
RTA duty cycle. The L/C engine used in a fixed nacelle ha* tha 
cross shaft forward of the reduction gear whereas tha cross 
shaft it aft of the reduction geer in a tilt nacelle L/C engine 
Tha lift/ cruise gearbox contains components end teehnokrgiat 
from other DDA engines. The rotor has a 62-inch diamatar and 
contains 22 composite blades that have a hub/tip ratio of 0.454. 
Tha blade pitch change mechanism contains hydraulic and 
mechanical redundancy. Tha lift fan assembly is completely 
self-contained including oil cooling in 10 exit vanes. Author 


NIMTItl'f Georgia Inst, ol Tech.. Atlanta. School of 
Aerospace Engineering. 

AN INVESTIGATION OF COMBUSTION AND ENTROPY 
NOISE Final Report. 16 Jul. 1S74 - 14 Jut. 1S77 

W. C. Strahle 15 Jul. 1977 97 p refs 
(Grant NsG-3015) 

(NASA-CR- 135220) Avail: NTIS HC A05/MF A01 CSCL 


2IE 

The relative importance of entropy and direct combustion 
noise in turbopropulsion systems and the parameters upon which 
these noise sources depend wore studied. Theory end experiment 
were employed to determine that at least with tha apparatus 
used here, entropy noise can dominate combustion noise if there 
Is a sufficient pressure gradient terminating tha combustor 
Measurements included combustor interior fluctuating pressure 
near and far field fluctuating pressure, and combustor exit plane 
fluctuating temperatures, as well as moan pressures and 
temperatures. Analysis techniques included spectral, crass- 
corrolation. cross power spectra, and ordinary and partial 
coherence analysis Also conducted wore combustor liner 
modification experiments to investigate the origin of the frequency 
content of combustion noise. Techniques were developed to extract 
nonpropagational pseudo-sound and the heal release fluctuation 
•pactra from the data. »,„ hn . 


N77-Z8122 f General Electric Co.. Evendale. Ohio, Aircraft 
Engine Group. 

ATTENUATION OF UPSTREAM-GENERATEO LOW 
FREQUENCY NOISE BY GAS TURBINES Final R sport 

V, L Doyle and R. K Matta Aug. 1977 232 p refs 
(Contract NAS3- 19435) 

(NASA-CR- 13621 9, R77AEG482) Avail NTIS 

-HCA11/MFA01 CSCL20A 

The acoustic transfer (unctions ot low frequency (below 3600 
Hi) noise through aircraft turbines wore investigated Model test 
results were compared with theoretical predictions in order to 
assess the validity of tha theory. Component tests ware conducted 
on both high prossure and low pressure model turbines The 
influence of inlet temperature and turbine speed attenualion was 
evaluated, while the effects of turbine pressure ratio, blada-row 
choking, and additional downstream stages were determined 

Preliminary identification of pertinent aeroacoustic correlating 
parameters was made. Author 


ni reran 


"77-4V160 f General Electric Co . Cincinnati. Ohio 
£ngtne Group. 

IMPROVED HIGH PRESSURE TURBINE SHROUD Final 
Report. 28 Jun. 1974 - 24 Jan. 1*77 

I I. Bessen. D V Rigney, and R C. Schwab Fob 1977 82 p 
(Contiact NASS- 18905) 

(NASA-CR- 135 181: R77AEG481) Avail NTIS 

HC A05/MF A01 CSCL 21E 

A new high pressure turbine shroud material has been 
developed from the consolidation of prealloyed powders ol Ni. 
Cr. Al and Y The new material, a filler for cest turbine shroud 
body segments, is called Genaseal Hie development followed 
the identification of oxidation resistance as tho primary cause of 
prior shioud etonoration, since conversion to oxides reduces 
erosion resistance and increases spalling under thermal -tycled 
engine conditions The NICrAiY composition was selected in 
preference to NIAL and FaCRALY alloys, and was formulated to 
a prescribed density range that offers suitable erosion resist- 
ance. thermal conductivity and elastic modulus for improved 
behavior as a shroud Author 


Ait Pro P“l3«m Test Center. Trenton. NJ. 

ROTOR BURST PROTECTION PROGRAM: EXPERIMENTAL 
QU,DEUN ES FOR THE OESIGN OF 
BURST FRAGMENT CONTAINMENT 
RINGS Final ft a po rt . 1 1S72 - 1S7S 

G_ J. Mangano. J T Salvino. and R. A, Oelucia Mar. 1977 
S3 p refs 

(NASA-CR- 136166: NAPTC-PE-98) Avail NTIS 

HC A04/MF AO! CSCL 21E 

The results ol a program of totor burst containment, 
experimentation that provide* guidelines for the design of optimum' 
weight turbine rotor disk fragment containment rings are 
presented Tha guidelines were derived by establishing the 
relationships between a measure of the ring s capehillty to contain 
fragment energy with respect to it’s weight and other significant 
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•ing and rotor variable such as the: (1) rotor tip diameter; (2) 
™"'. b ? r ° f „ r0 *? r ff ®9 manta; and (3) ring radial thickness and 
a*»l length. The experiments consisted mainly of bursting 14 
«jd 31 inch diameter turbine rotors into encircling containment 
rsiga made from cemnfugatly cast 4130 steel. Rules are given 
for achieving optimum weight ring designs. Author 


N77-3114R*# General Electric Co . Cincinnati. Ohio. 
Engineering and Technology Programs Deot 

SUMMARY ^ UFT/C * U, * E FAN <*HASE 1: 


Sep. 1977 278 p refs 
(Contract NAS3-20046) 

(NASA-CR- 135242: R77AEG180) 

HC A11/MF A01 CSCL21E 


Avail: 


Advanced 

OESION 


NTIS 


Th* initial design of the LCF459 lift/ cruise fan system is 
documented. The LCF4S9 is a 1.6 meter diameter turbotip 
lift/ cruise fan whose design point pressure ratio is 1.32 at a tip 
Speed of 353 meters per second. The gas source for the tip 
turtjine is the YJ97-GE-tOO engine. Author 


K77-32181*l P, «1 «nd Whitney Aitcrafl. East Hartford. Conn. 
Commercial Products Oiv. 

EXPERIMENTAL CLEAN COMBUCTOR PROGRAM, 
PHASE 3 Pinal Report 

R. Roberts. A. Rorentino. end W. Greene Oct. 1977 123 o 

rah 

(Contract MAS3- 19447} 

(NASA-CR- 135253: PWA-5493) Avail- NTIS 

HC A06/MF A01 CSCL 21E 

A two-stage vortex burning and mixing combustor and 
associated fuel system components were successfully tested at 
steady state and transient operating conditions. The combustor 
exceeded the program goals for all three emissions species, with 
oxides of nitrogen 10 percent below t)ie goal, carbon monoxide 
28 percent below the goal, and total unbumed hydrocarbons 
75 percent below the goal. Relative to the JT9D-7 combustor, 
the oxides of nitrogen ware reduced by 58 percent, carbon 
monoxide emissions were reduced by 69 percent, end total 
unbumed hydrocarbons were reduced by 9 percent The combustor 
efficiency and exit temperature profiles ware comparable to those 
of production combustor. Acceleration and starting charactemtics 
were deficient relative to the production engine. Author 


A77-22215 * tf Jet noise source modification due to forward 
fli^iL R. S. Larson, C. J. McColgan, and A. B. Packman (United 
Technologies Carp., Pratt and Whitney Aircraft Group, East 
Hartford, Conn.). American Institute of Aeronautics and Astro- 
nautics, Aerospace Sciences Meeting, 15th. Los Angeles. Calif.. Jan. 
24-26, 1977. Paper 77-58. 9 p. 13 refs. Contract No. NAS3-17866. 

The effects of forward flight on the turbulence characteristics of 
a jet in a co-flowing stream have been determined for a 2.22 inch 
circular jet in a 36 inch free jet wind tunnel. The nozzle exit velocity 
was 400 ft/sec, and the tunnel velocity was set at 0, 40, 120 and 200 
ft/sec. Measurements of flow properties including mean velocity, 
turbulence intensity and spectra, convection velocity. Integral length 
scale, and convected integral time scale were carried out using two 
linearized hot wires. Results were used to predict changes due to 
flight in the jet acoustic sources. The noise reductions for a cold jet 
with a velocity of 1000 ft/sec, due to the change in acoustic sources 
in flight, agreed well at all angles with measured noise reductions. 


A 77-26461 * § Evaluation of a staged fuel combustor for 
turboprop engines. A. J, Verdouw (General Motors Corp., Detroit 
Diesel Allison Div., Indianapolis, Ind.). American Society of Me- 
chanical Engineers, Winter Annual Meeting, New York, N. Y. Dec 
510, 1976, Paper 76-WA/GT-5. 13 p. 5 refs. Members. SI 50; 
nonmembers, $3.00. Contract No. NAS3-1 86561. 

Proposed EPA emission regulations require emission reduction 
by 1979 for various gas turbine engine classes. Extensive combustion 
technology advance moms are required to meet the proposed regula- 
tions. The T56 turboprop engine requires CO, UHC, and smoke 
reduction. A staged fuel combustor design was tested on a 
combustion rig to evaluate emission reduction potential in turboprop 
engines from fuel zoning. The can-type combuslor has separately 
fueled-pilot and main combustion zones in series. The main zone 
fueling system was arranged for potential incorporation inlo the T56 
with minor or no modifications to the basic engine. Three combustor 
variable geometry systems were incorporated to evaluate various 
airflow distributions. Emission results with fixed geomeiry operation 
met all proposed EPA regulations over the EPA LTO cycle. CO 
reduction was 82 pet cent, UHC reduction was 96 percent, and smoke 
reduction was 84 percent. NOx increased 14 percent over the LTO 
cycle. At high power, NOx reduction was 40 to 55 percent. This 
NOx reduction has potential application to stationary gas turbine 
powerplams which have different EPA regulations. (Authoi l 


N77-U1M*! AiRtuarch Mfg. Co.. Phoenix. Arbt. 

MKUmON REDUCTION TECHNOLOGY PROGRAM FOI 
MAU JET AIRCRAFT ENGINES. PHASE 1 
Nov. 1S74 - Jim. 1S7S 


T W. Bruce. F. G. Devi*. T. E. Kuhn, and H. C. Mongia Sap. 
1977 177 p raft 
(Contract NAS3- 18580) 

(NASA-CR- 1352 14: AjRaaairch-21-2496) Avail: NTIS 

HC A09/MF A01 CSCL 21E 

* series of combustor pressure rig screening testa wee 

conduetad on three combustor concepts applied to the TFE731-2 
turtofan engine combustion system for the purpose of evaluating 
Ihah rela tive amissions raduction potential consist* nt with 
inscribed performance, durability, and envelope comraints, The 
three co ncepts and thalr modifications represented jqrr—aing 
poaa nlial for reduc ing emissi on levels with the penalty of increased 
hafrtarara complexity and operational rSE Concept^ anfiiad 
aArancad modification* to tha present production TFE731-2 
combustion system . Concept 2 was based on the i nco rpor a tion 
of an axial air-assisted airblut foal injection system Concept 3 
waea staged premix/pravaporoing combustion system. Significant 
amissions reductions were achieved in afi three concepts, 
insistent with acceptable combustion system performance. 
Qoncapta 2 and 3 ware identified a* having the greatest achievable 
emission ! reduction potential, and wars selected to undergo 
tenement to prepare for ultimate incorporation within an 


Author 


A77-28574 • 4 Fan inlet disturbances and their effect on 
static acoustic data. K. L. Bekofske, R. E. Sheer, and J. C. F. Wang 
(General Electric Co.. Schenectady, N.Y.). American Society of 
Mechanical Engineers, Gas Turbine Conference and Products Show, 
Philadelphia, Pa., Mar. 27-31, 1977. Paper 77-GT-63. 9 p. 16 refs. 
Members, $1.60; nonmembers, S300. Contract No. NAS3-17853. 

There is evidence that measurements of fan-rotor inlet noise 
^ urin 9 S « 3t ic test situations are at variance with aircraft engine 
flight data, in particular, static tests generally yield a significantly 
an* ' Dne at blade Panics frequency than that measured during 
fli*»t. An experimental program was carried out to investigate this 
discrepancy. Inlet ground vortices and large-scale inlet turbulence 
J«re generated intentionally in an anechoic test chamber Far-field 
acoustic measurements and inlet flow field hot film mappings of a 
tS> r ~ r were thBn carried out to study the influence of such inlet 
disturbances at a static test facility. Experimental results indicato 
that the acoustic effect of such disturbances apjxurs to be le«*evere 
for supersonic than for subsonic tip speeds. Further, a reverse flow 
that occurs on the exterior cowl in static test facilities appears to be 
an additional prime candidate for creating inlet disturbances and 
causing variance between flight and static acoustic data. (Author) 


ORIGINAL PAGE IS 
OP POOR QUALITY 


36 


A77-38807 * a Measured effects of coolant injection on the 
performance of • film coaled turbine. J. D. McDonol and J. 6. 
Eiswerth (General Electric Co., Aircraft Engine Group, Evcndalc, 
Ohio). American Institute of Aeronautics and Astronautics and 
Society of Automotive Engineers, Propulsion Conference, t3th. 
Orlxtdo, Fit., July 1113, 1977. AIAA Paper 77 946. 8 p. 9 refs. 
Contract No. NAS3-16732. 

Tests have been conducted on a 20-inch diameter single-stage 
air-cooled turbine designed to evaluate the effects of film cooling air 
on turbine aerodynamic performance. The present paper reports the 
results of five test configurations, including two different cooling 
designs and three combinations of cooled and solid airfoils. A 
comparison is made of the experimental results with a previously 
published analytical method of evaluating coolant injection effects 
on turbine performance. (Author) 


A77-S1021 • g Theoretical jit exhaust noise model for the 
duct hunting tuibofan. R. S. Larson (United Technologies Corp., 
Pratt and Whitney Aircraft Group, East Hartford, Conn.). American 
Institute of Aeronautics and Astronautics, Aemacoustics Conference, 
4th. Atlanta. Ca., Oct 3-5. 1977. Paper 77-1264. 13 p. 22 refs. 
Contract No. NAS3-17866. 

A model was developed to predict the acoustic power spectrum 
for a Duct Burning Turbofan (DBTF) whose cycle results in a high 
velocity, high temperature fan stream and a lower velocity, lower 
temperature primary stream. Modal tests have demonstrated that a 
DBTF may produce substantially less noise than a conventional 
turbojet with the some thrust and weight flow. Predictions from the 
model agreed well with measured data from the model tests. The 
characteristics of the DBTF acoustic power spectrum wore shown to 
be related to the rapid mixing of the fan and primary streams. The 
effects of fan to primary velocity ratio, temperature ratio, area ratio, 
and the effect of nozzle geomotry on DBTF jot noise were 
determined. (Author) 


A77-51QM * * Effects of foiward motion on jet and core 
noise. J. K. C. Low (Douglas Aircraft Co.. Inc., Long Beach, Calif ). 
American Institute of Aeronautics and Astronautics, Aeroacoustics 
Conference, 4th, Atlanta, Ca., Oct 3-5, 1977, Paper 77-1330. 15 p. 
20 refs. Contract No. NAS3-20031. (DOUGLAS-66161 

A study was conducted to investigate the effects of forward 
motion on both jet and core noise. Measured low-frequency noise 
Irom static-engine and from flyover tests with a DC-9-30 powered by 
JTBD-109 turbofan engines and with a DC-1040 powered by 
JT9D-59A turbofan engines was separated into jet- and core noise 
components. Comparisons of the static and the corresponding 
In-flight jet- and core-noise components are presented. The results 
indicate that for the DC-9 airplane at low power settings, where core 
noise is predominant. The effect of convective amplification on 
core-noise levels is responsible tor the higher in-fligh: low-frequency 
noise levels in the inlet quadrant. Similarly, it was found that for the 
DC- 10 airplane with engines mounted under the wings and flaps end 
flap deflection greater than 30 degrees, the contribution from 
jet-flap-interaction noise is as much as 5dB in the inlet quadrant and 
is responsible tor higher in-flight low-frequency noise levels during 
approach conditions. Those results indicate that to properly investi- 
gate flight effects, it is important to consider the noise contributions 
from other low-frequency sources, such as the gore and the jet-flap 
interaction. (Author) 


08 AIRCRAFT STABILITY AND 
CONTROL 

Include* aircraft handling qualitiaa; piloting: flight 
control*; and autopMot*. 


N77 281W*# National Aeronautic* and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

EXPLORATORY INVESTIGATION OF THE INCIPIENT 
SPINNING CHARACTERISTICS OF A TYPICAL LIGHT 
GENERAL AVIATION AIRPLANE 

Richard J. Ranaudo [1977] 43 p refs 
(NASA-TM-X-73671; E-9190) Avail: NTIS HC A03/MF A01 
CSCL 01 C 

Tha incipient spinning characteristics of general aviation 
airplanes were studied. Angular rates in pitch, yew. end roll 
were measured through the stall during the incipient spin and 
throughout the recovery along with control positions, angle of 
attack, and angle of sideslip. The characteristic incipient spinning 
motion was determined from a given set of entry conditions. 
The sequence of recovery controls were varied at two distinct 
points during the incipient spin, and the effect on recovery 
characteristics was examined. Aerodynamic phenomena associ- 
ated with flow aver the eft portion of the fuselage, vertical 
stabilizer, and rubber are described. Author 
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09 RESEARCH AND SUPPORT 
FACILITIES (AIR) 

Include* airport*, hangar* ami runways; aircraft repair 
and overhaul tacit itiaa; wind tunnata; shock tub* fecit itiaa; 
and angina teat blocks. 

For related information aae also 14 Ground Support 
Systems and FacSitms f Space). 


N 77-10073**1 National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

A HIGH PRESSURE. HIGH TEMPERATURE COMBUSTOR 
AND TURBINE-COOLING TEST FACILITY 
ReevBS P. Cochran and James W. Norris 1376 30 p refs 

Presented at Winter Ann. Meeting of the Am. Soc. of Mechanical 
Engineers, New York. 28 Nov. - 3 Dec. 1978 
(NASA-TM-X-73445: E-8801) Avail: NTIS HC A03/MF AO I 
CSCL 14B 

A new test lacility is being constructed for developing 
turbine-cooling and combustor technology for future generation 
aircraft gas turbine engines. Prototype engine hardware will be 
investigated in this new facility at gas stream conditions up to 
2480 K average turbine inlet temperature and 4 14 « 10 to the 
6 th power n sq m turbine inlet pressure. The facility will have 
the unique feature of fully automated control and data acquisition 
through the use of an integrated system of mini -computers and 
programmable controllers which will result in more effective use 
of operating time, will limit the number of operators required, 
and will provide built in self protection safety systems. The facility 
and the planning and design considerations are described. 

Author 


N77-17108*# National Aeronautics and Space Administration. 
Lewis Research Center. Qevelend. Ohio. 

THE LEWIS RESEARCH CENTER GEOMAGNETIC SUB- 
STORM SIMULATION FACILITY 

Frank D. Berkopec. N. John Stevens, and John C. Sturman 1976 
8 p refs Presented at Spacecraft Charging Technology Conf.. 
Colorado Springs. Colo.. 27-29 Oct. 1976: sponsored by the 
USAF and NASA 

(NASA-TM-X-73602; E-8970-3) Avail: NTIS 

HC A02/MF AOT CSCL 14B 

A simulation facility was established at the NASA-Lawis 
Research Center to determine the response of typical spacecraft 
materials to the geomagnetic substorm environment and to 
evaluate instrumentation that will be used to monitor spacecraft 
system response to this environment. Space environment 
conditions simulated included the thermal-vacuum conditions of 
space, solar simulation, geomagnetic substorm electron fluxes 
and energies, and the low energy plasma environment. Measure- 
ments for spacecraft material tests included sample currents, 
sample surface potentials, and the cumulative number of 
discharges. Discharge transients were measured by means of 
current probes and oscilloscopes and were verified by a 
photomultiplier. Author 


*•77-18168*# National Aeronautics and Space Administratron. 
lewis Research Center. Qevelend, Ohio. 

CHARACTERISTICS OF AN ANECHOIC CHAMBER FOR 
FAN NOISE TESTING 

Joseph A. Wuzyniak, Loretta M. Shaw, and Jefferson D. Essary 
1977 32 p refs Presented at the Intern. Gas Turbine Conf.. -. 
Philadelphia. 26-30 Mar. 1977: sponsored by the Am Soc of 
Mech Engrs. 

(NASA-TM-X-73556; E-8993) Avail: NTIS HC A03/MF A 01 
CSCL 148 ' 

Acoustical and mechanical design features of NASA Lewis 
Research Center's engine fan noise facility are described. Acoustic 
evaluation of the chamber, which is lined with an array of stepped 
wedges, is described. Results from the evaluation in term* of 
cut-off frequency and non-anechoic areas near ihe wall* are 
detailed, fan models are electrically driven to 20.600 RPM in 


eilher the inlet mode or exhaust mode to facilitate study of 
both fore and aft fan noise. Inlet noiso characteristics of the 
first fan tested are discussed and compared to full-scale levels 
Turbulence properties of the inlet flow and acoustic results are 
compared with and without a turbulence reducing screen over 
the fan inlet . „ 


”**"** *^* I National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

THE PANEL ON PROPULSION AERODYNAMICS 

Davrd Bowditch in NASA Langley Res, Center High Reynolds 

39 s 1 8-OSU^ P ,65 ‘ 17 ’ lf °’ documenl 

Avail: NTIS HC A09/MF AO! CSCL 148 

Sources of discrepancies noted between propulsion aerody- 
namic characteristics as predicted from wind tunnel tests and 
as measured in flight are discussed The variable Reynolds 
capability of the National Trqnsonic Facility will provide a tool 
for understanding and quantifying uncertainties involved in 
extrapolating the corrected wind tunnel data from tunnel conditions 
to full scale flight conditions. Author 


A77-26460 * # A high-pressure, high-temperature combustor 
and turbine-cooling test facility. R. P. Cochran. J. W. Norris, and R. 
E. Jones 4 NASA, Lewis Research Center, Cleveland. Ohio). American 
Society of Mechanical Engineers, Winter Annua! Meeting New York 
N.Y.. Dec. 5-10. 1976, Paper 76-WA/GT-4. 11 p. 7 refs. Members! 
S1.50; nonmembers, S3.00. 

NASA-Lewis Research Center is presently constructing 3 new 
test facility for developing turbine-cooling and. combustor tech- 
nology for future generation aircraft gas turbine engines. Prototype 
engine hardware will be investigated in this new facility at gas stream 
conditions up to 2480 K average turbine inlet temperature and 
4,140,000 N per sq m turbine inlet pressure. The facility will (lave 
the unique feature of fully-automated control and data acquisition 
through the use of an integrated system of minicomputers and 
programmable controllers, which will result in more effective use of 
operating time, will limit the number of operators required, and will 
provide a built-in self-protection safety system. The paper describes 
the facility and the planning and design considerations involved. 

(Author! 


A77-26814 ' Advances in turbine biade temperature mea- 

surements. F. G. Pollack (NASA. Lewis Research Center, Qeveiand. 
Ohio). In: Advances in test measurement. Volume 13 - Proceedings 
of the Twenty-second International Instrumentation Symposium 
San Diego. Calif., May 25-27, 1976. (A77-26776 11-35) Pittsburgh,' 
Pa., Instrument Society of America, 1976, p. 393-397. 

Radialion pyromelry principles and imaging methods like 
photography and photoelectric scanning are combined to make 
accurate research quality temperature measurements on turbine 
airfoils. Two systems are described for obtaining detailed tempera- 
ture distribution measurements: an infrared photoyaphic system for 
stationary vanes and a photoelectric scanning system for rotating 
blades. An overview is presented outlining the design, cahtvetion 
methods, and recent test results. (Author) 


A 77-26838 * A microprocessor controlled pressure awning 

•Vitim. R. C. Anderson (NASA, Lewis Research Center, Cleveland, 
Ohio). In: Advances in test measurement. Volume 13 - Proceedings 
of the Twenty-second International Instrumentation Symposium 
San Diego, Calif., May 25-27, 1976. (A77-26776 1 1-35) Pittsburgh. 
Pa., Instrument Society o' America, 1976, p. 685-693. 

A microprocessor-based controller and data logger for pressure 
scanning systems is described. The microcomputer positions and 
manages data Irom as many as four 46-port electro-mechanical 
pressure scanners. The maximum scanning rate is 80 pressure 
measurements per second (20 ports per second on each of four 
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scanners). The system Injuries (ill-litre calibration, imsriioivdii , '.cted 
dal* storage, and «ncv |»i icon display In engineering unlit »>f data 
limn a wloctod |iait The syrimii it designed to I* interlaced lo a 
(acidly computer tlirnuytr a shared memory System haidsvate ami 
software am ifeu'i died l-actors affecting moasiimnicnt emst m this 
'VP* ol system me alio disunited. (Author) 


A7J-28685 • a Charecteiiitks rvt an anochok chanter lor tan 
noli* tailing. J. A, Wa/yniak, t. M. Shaw, and J 0, Essaiv (NASA, 
town (towatch Center, Cleveland. Ohio). American Sscurty oi 
Mechanical £nginaen. Gas Turbine Conhnvzcv and Products Show 
PhitarMptua. Pa, Mar. 3?Jt. IS/?, Paper 77GT74. 12 p. |& , 0 |,. 
Members, SI. 50; nwunembers, $3.00. 

Acoustical and mechanical design tealuiei ot NASA Lewis 
Roto arch Cento s onglne Ian noise tardily am deicilbed. Acoustic 
evaluation ol the 1420m (60,000-10 ehambei, which it limtd with an 
atray ot sterrped wedges. n described Rendu horn the eradiation In 
loinu ol cut-off heitnency and non anechoic araai neai Me walls am 
detailed. Kir. models with 0,51 in (20ln1 diameters am .lecltically 
driven lo 2U.GQ0 ipm in either lire ittlel mode (drawing a ■ tiom lire 
chamber | or oahauit motto (discharging an into the chamber) to 
lacilnale study ol troth tore and all lair noise. Inlei noise 
characteristics ol the tint tan tested, die JT8D Relan, am discussed 
and conri’dted Ur loll scale levels. Turbulence properties ot die inlat 
flow and acoustic results are compared wnh and without a 
lurtmlancv reducing semen over the tan Inlet, (Author) 
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12 ASTRONAUTICS (GENERAL) 

For axtratarrestrial exploration «•• St Lunar and 
Ptinatu v Exploration. 


A77-3E660 * A candidate minion using the Shuttle and 

aoiar electric proputiion. J. H. Duxbury (California Institute of 
Technology, Jet Propulsion Laboratory, Spacecraft Studies Group, 
Pasadena. Calif.) and R. C Finks (NASA, Lewis Research Center, 
Spacecraft Technology Div., Cleveland, Ohio), in: Space shuttle 
missions of the 80's; Proceeding of the Twenty-first Annual 
Meeting, Denver, Goto., August 26-28, 1976. Part 2. (A77- 
36626 16-12) San Diego, Calif., American Asuonautical Society, 
1977, p. 789-797. 9 refs. (AAS 75-163) 

It is suggested that an oul-of-the-ecllptic solar electric propul- 
sion (SEP) mission be performed. Data would be gathered pertaining 
to the three-dimensional structure of solar features at radio and 
X-ray wavelengths, the properties of the solar wind as a function of 
latitude and time, the configuration of the interplanetary field and 
its relation to solar fields, and the modulations of cosmic rays to 
determine the spectrum of interstellar cosmic rays. The mission 
would also, it is thought, demonstrate the capability of SEP far use 
in Shuttle missions. The SEP spacecraft and the ongoing develop- 
ment of related systems are examined. The weight of a SEP stage is 
contrasted with the weight of a chemical rocket stage. M.L. 


N77-130M*# National Bureau of Standards. Washington. D C. 

SPACE LAI EXPERIMENT DEFINITION STUDY ON PHASE 
TRANSITION AND CRITICAL PHENOMENA IN FLUIDS: 
INTERIM REPORT ON EXPERIMENTAL JUSTIFICATION 

M. R Moldover. M. R Hocken. R. W Gammon, and J. V Sengere 
Aug. 1976 99 p refs Prepared in cooperation with Maryland 
Umv . College Park 
(NASA Order C-62861-CI 

(NASA-CR- 1350701 Avail NTIS HC A05/MF AOI CSCL 
22A 

Pure fluids and fluid mixtures near critical points are 
identified and are related to the progioss of several disciplines 
Consideration is given to thermodynamic properties, transport 
properties, and the complex nonlinear phenomena which occur 
when fluids undcigo phase tiansitions in the critical legion. The 
distinction is made between practical limns which may be extended 
by advances tn technology end intrinsic ones which arise from 
the modification of fluid progenies by the earth s gravitational 
field The kinds of experiments near critical points which could 
best exploit the low gravity environment ol an orbiting laboratory 
ere identified. These include studies of the index of refraction, 
constant volume specific heat, and phase separation Author 


N77-33222’f Lockheed Mimic* and Space Co . Huntsville, 
AM. Research and Engi nesting Center. 

•RACE PROCESSING APPLICATIONS OF ION SEAM 
TECHNOLOGY Final Report 
P. G. Grodtke 15 Aug. 1977 41 p rats 
(Contract NAS3-20095) 

INASA-CR- 135261) Avail: NTIS HC A03/MF AOI CSCL 
20L 

ion thruster engines far spacecraft propulsion can serve aa 
ion beam sources for potential apace processing applications. 
The advantages of space vacuum environments and the possible 
gravity affects on thrusiar ion beam materials operations such 
aa thin film growth, ion milling, and eurface texturing were 
investigated. The direct gravity affect on sputter depo si tion and 
vapor deposition processes are discussed as welt as techniques 
tar cold Hid warm welding. Author 


13 ASTR0DYNAMIC8 

Inctudw povr*r*d and fraa-flight trajactoriat: and 01 M 
and launching dynamics. 


A77-28B23 * Trajectory optimiiation for tha AUas/Cmtaur 

launch vahida. R. 6. Brusch (General Dynamics Corp„ Convjlr Dlv., 
San Dingo, Calif.). In: Conference on Decision end Control and 
Symposium on Adaptive Processes, 15th, Clearwater, Fla., December 
1-3, 1976, Proceedings, (A77-28B01 12-63) Now York, Institute of 
Electrical and Electronics Engineers, Inc,, 1976, p. 492-500. 41 refs. 
Contract No. NAS3-16094. 

A state-of-art survey of computational techniques employed In 
design and optimisation of trajectories for the Atlas/Centour launch 
vehicle is presented. Attention is focused on the constrained 
optimiiation technique, related to Hestenos' (1969) method of 
multipliers, with: various formulas used in updating the multipliers. 
Advantages of applying multiplier method to trajectory optimiia- 
tion, with gains in computing speed, are argued, and optimization of 
the HEAQ-A (high energy astronomical observatory) is discussed. 
Open-loop atmospheric guidance strategy and closed-loop exoatmo- 
spheric pitch and yaw guidance equations are dealt with, and th* full 
range of constraint* to be obaarvad during the flight is discussed. 

R.D.V. 


*7744972 * ff Trajectory optimlwiflA far the Allai/Centrur 
launch vehicle. R. G. Brusch (GeD^affiynamics Corp., Canretr Div.. 
San Diego, Calif.). Journal qjl Spacecraft and Rockets, vol. 14, Sept. 
1977, p, 550-555. 19 refs. Contract No. NAS3-16094. 

A method for finding solutions to complex trajectory optimiia- 
tion problems with detailed hardware ami launch vehicle constraints 
IS presented. The trajectory optimization problem is formulated ns o 
constrained function minimization problem by modeling the control 
by a function of a finite number of parameters. Although any 
parametric control model may be selected, the natural choice of 
parameters is the actual parameters of the parametric guidance 
equations Down on the flight digital computer. A variation of the 
method of multipliers is presented for performing the constrained 
function minimization. A functional is proposed that allows 
incorporation of slate variable inequality constraints. Finally, 
optimization of the HEAO A direct-ascent trajectory is discussed. 
The HEAO-A mission demonstrates profile optimization to meet 
range safety, trucking, healing, structural integrity, and attitude rate 
co " s, ' iljms - | Author) 
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14 GROUND SUPPORT SYSTEMS 
AND FACILITIES (SPACE) 

IndudN launch comptae*. raaaarch and product kin 
hcUIttaa; ground aupport equipment. mobde tramporten. 
and simulator*. 

„ *"fcnwtlon MataoM Rmm«A Suppit 

C ! — mm §mtm 1 


N77-1508S*# National Aeronautics and Space Admlniatratkm. 
Lewis Research Center, Cleveland. Ohio. 

USER GUIOE TO A COMMAND AND CONTROL SYSTEM: 
A PART OF A PRELAUNCH WIND MONITORING PRO- 
GRAM 

Glenn R. Cowgill Nov. 1976 29 p 

tNASA-TM-X-73668; E-8999) Avail: NTtS HC A03/MF A01 
CSCL 14B 

A sot of programs called Command and Control System 
(CCS), intended as a user manual, is described for tha operation 
of CCS by the personnel supporting the wind monitoring portion 
of the launch mission. Wind data obtained by tracking balloons 
is sont by etectionic means using telephone lines to other locetions. 
Steoring commands are computed from a system called AODJUST 
for the on-boaid computer and relays this data Data are received 
and automatically stored in a microprocessor, than via a real 
time program transferred to the UNIVAC 1100/40 computer. 
At this paint the date is available to he used by the Command 
and Control system. Author 


N77-1S132*# Westlnghouse Electric Cotp.. Pittsburgh. Pa 

DESIGN. FABRICATION AND TEST OF PROTOTYPE 
FURNACE FOR CONTINUOUS GROWTH OF WIDE SILICON 
RIBBON Final Raport 

C S Duncan and R, G. Saidensticker Dec. 1976 117 p refs 
(Contract NAS3-19439) 

(NASA-CR-135165; Ropt-76-9C4-SIG RO-R 1 1 Avail NTIS 
HC A06/MF A01 CSCL 146 

A program having tha overall objective of growing wide, 
thm silicon dendritic web crystals quasi-continuously from a 
semi-automated facility is discussad. Tha design considerations 
and fabrication of tha facility as well as tha test and operation 
nhase are covered: detailed enaineeiino drawings are included 
as an appendix. During the test and operation phase of the 
program, moro than eighty growth runs and numerous thermal 
tost tuns were porfoimad. At the conclusion of the program. 
2.4 cm wide web was being grown at thicknesses of 100 to 
300 mtcramatois As expected, the thickness and growth rate 
are closely related. Solai cells made from this material were 
tested at NASA-Lowis and found to have conversion efficiencies 
comparable to dovices fabncatod from Crochralski material 

Author 
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1 5 LAUNCH VEHICLES AND SPACE 
VEHICLES 

Indudes boosters; manned orbits I laboratories: rauaaWa 
vehicles; and space stations. 


N77-10116*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

PRELIMINARY REPORT ON THE CTS TR*NtlEN T EVE NT 
COUNTER PERFORMANCE THROUGH THE 1976 SPRING 

N C John E Stev*ns. Robert R. Lovell, and Vernon W. Klinect 1976 
28 p refs Presented at Spacecraft Charging Conf., Colorado 
Springs, 27-29 Oct. 1976: sponsored by AF 
(NASA-TM-X 73487: E-8879) Avail: NTIS HC A03/MF A01 
CSCL 22B 

The transient event counter (TEC), senses and counts 
transients having a voltage rise of gieater than five volts in 
three separate wire harnesses: the attitude control harness, the 
solar array instrumentation harness and the solar array power 
harness. The operational characteristics of TEC are defined and 
the preliminary results obtained through the first 90 days of 
operation including the spring 1976 eclipse season are pre- 
sented. The results show that the Communications Technoloov 
Satellite was charged to the point where discharges oe = urr ®°_ 
The discharge induced transients did not cause any anoma^us 
events in spacecraft operation. The data indicate * at 
can occur at any time during the day without preference to any 
local time quadrant. The number of discharges °«urrmgiin the 
ana second simple interval are greater than antccipata^ The 
compilation and review of the data is continuing. Author 


1177*10117*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

CTS UNITED STATES EXPERIMENTS. A PROGRESS 
REPORT 

W. H. Robbins and P. L Donoughe 1976 16 p refs Presented 
at the 27th Intern. Astronautical Congr., Anaheim. Catif.. 
10-16 Oct- 1976: sponsored by Intern. Astronautical Fedara- 


(NASA-TM-X-73510: E-89181 Avail: NTIS HC A02/MF A01 

CSCL 22B „ _ 

The results are presented of the United States experiments 
activity to dste. Wide segments of the population ere involved 
in the Experiments Program including tha scientific community, 
other government agencies, industry, and tha education and health 
entities. The experiments are associated with both technological 
objectives and the demonstration of new community and social 
services via satellite. Author 


1)77-101 19'j National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

PROVISIONAL SPECIFICATION FOR SATELLITE TIME IN 
A GEOMAGNETIC SUBSTORM ENVIRONMENT 

N. John Stevens. Robert R- Lovell, and Carolyn Purvis 1976 
14 g refs Presented at joint Air Force MAS*. Spacecraft Charging 
Conf., Colorado Springs. Colo.. 27-29 Oct. 1976 
( NAS A-TM -X- 7 3446) Avail: NTIS HC A02/MF A01 CSCL 


22A 

Satellites in geosynchronous orbit have been expanencmg 
operational anomalies. These anotialies ara believed to be due 
to th® environment charging the spacecraft surfaces to a point 
where discharges occur. In designing future satellites for long 
term operation at geosynchronous altitude, it is important that 
designers have a specification that will give the total lime per 
year, the particle flux density, and particle energies that their 
satellites can be expected to encounter in these substorm 
environmental conditions. The limited data currently available on 
the environmental conditions was used to generate the provisional 
specification given. Author 


N77'12099'| National Aeronautics and Space Administration, 
lowio Research Center. Cleveland. Ohio. 

PURGING OF A MULTILAYER INSULATION WITH DACRON 
TUFT SPACER BY GAS DIFFUSION 

Irving E. Sumner and William J. Fisk Washington Dec. 1976 

(NASA-TM-X-3460; E-8B33) Avail: NTIS HC A03/MF A01 
CSCL 110 

The time and purge gas usage required to purge a multilayer 
insulation (MU) panel with gaseous helium by means of gas 
diffusion to obtain a condensable gas (nitrogen) concentration 
of less than 1 percent within the panel are stipulated. Two 
different, flat, rectangular MU panels, one incorporating a butt 
joint, were constructed of of 11 double-aluminired Mylar iDAM) 
radiation shields separated by Dacron tuft spacers. The DAM/ 
Dacron tuft concept is known commercially as Superfloc. The 
nitrogen gas concentration as a function of time within the MU 
panel could he adequately predicted by using a simple, one 
dimensional gas diffusion model in which the boundary conditions 
at the edge of the MU pane! were time dependant. The time 
and purge gas usage required to achieve 1 percent nitrogen 
gas concentration within the MLI panel varied from 208 to 86 
minutes and 34.1 to 56.5 MU panel purge volumes, respectively, 
for gaseous helium purge rates from 10 to 40 MU panel volumes 


N77- 16063*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

OPTIMAL REUSABLE-TUG AND EXPENDABLE-KICK STAGE 
TRAJECTORIES FOR HIGH-ENERGY PLANETARY MIS- 
SIONS INCLUDING CORRECTION FOR NODAL PRECES- 
8ION 

Janos Borsody Washington Oec. 1976 48 P . 

(NASA-TN-D-8387: E-8844) Avail: NTIS HC A03/MF AOl 
CSCL 22B 

Equations are derived by using branched trajectory optimisa- 
tion techniques and the maximum pnnclple to maximiie the 
payload capability of a reusable tug/expendable kickstage vehicle 
configuration for planetary missions. The two stages .and the 
payload are launched into a low earth orbit by a s,n a' 8 SP*“® 
shuttle The analysis includes correction for precession of the 
nrtaii This correction is done by the tug. The tug propels the 
payload and tha krekstage to an energy beyond earth escape 
and returns within a specified time to the processed orbit. Afier 
separating from the tug. .he kickstage accelerates thepavoad 
torte required injection conditions. Planetary miection conditions 
are spSd The mission energy and a fixed docl.natiun and 
right Ascension of the outgoing asymptote T .^ o m “ ' ,p d 01 "' 
boundary value problem resulting from the analysis is by 

a Newwn-Raphson iteration technique. Partial derivatives of the 

sss2 a 

ass sr sac v*sa 

energies. In addition, the variations of several mission and^age 
n.rematerc are also examined. 


N 77-18182*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland Ohio^ TITAN/ 

THERMODYNAMIC DATA REPORT FOR THE TITAN/ 
CENTAUR TC-6 EXTENDED MISSION 

StM^SI: J E. n 9 080r A va„ P NTIS HC A03/MF A01 
CSCL 226 

The Titan/Centaur vehicle, with the Helios 8 spacecraft, was 
launched on January 15. 1976. After the spacecraft was placed 
into its desired heliocentric trajectory, the Centaur vehicle 
continued into an extended mission to perform expenmenls 
demonstrating increased operational capabilities. 
performance of all pertinent Centaur systems and components 
was evaluated and its capability for satisfactory 
long duration space coasts was verified. The selected 'hernia! 
control techniques maintained the Centaur component tempera- 
tures Within their qualification limits for the entire 8-hour • 
22-minute duration of the extended mission. Autnor 
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B ° b * rt E - Alaxovlch 1977 9 „ d P 0B ^ 
tonf on Communications, Chics so, , 2 .Js Ju " m? 

(^SA-TM-X-73636, Av.it: NT(S Hc A02/MF ^ ^ 
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Bp ° u,p 0‘ Power, frequency • fr,ci «ncies. 
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signals. H ' ca ™* ra - taquency-modulsted by Video 

Author 
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KhDIUMm' J a.» n .^ R ^ #rch '"?<• Ohio. 

TECMNOiOQY 

Nicholas A EcoIb, nc, FM 1M7-W73 

1976 247 p refs Pren,,re 1 f ,rBnflB ' Snd Ga,,ld F Hern Aug. 
Res. Center P * pared “operation with NASA/ Lewis 

(Contract NAS3- 19699) 

(NASA.CR-1360S7) Avail: NT.S HC All/MF A01 CSCL 

ATS^w“wr a fram ,! 1967 h to ®* pa,imen » Performed with 
are fixed end mob™, point ,0 ?JL" SU - n ’ mari « !d Included 
involving voice, teletype and hrejifm? m ?' UmC0,l0n5 ex P #rim a n ts 
emphasis is given toTe Al.s J^l ^ Pedicular 

Author 


1 6 SPACE TRANSPORTATION 

Includes pasaangar and cargo space transportation ag. 
•nuttla operation*; and raacoa techniques. 

For related Information aaa at*o 03 Air Transportation 
and Safaty and 85 Urban Tachnoiogy and Transportation. 


SSSmT* McDOnn8 "'° OUBlaS As,,onau(l “ Co.. Huntington 

MPERIMCNT , ‘f£i 0 f^ , i : PROf,ELLA * T MANAGEMENT 
fcXPERIMENT Special Raport, Jun. - Noy. 1976 

E. C. Cady Nov. 1976 63 p rots 
(Contract NAS3-19719) 

( ^f 3A ' C . R ' 135143: MDC-G6552) Avail' NTIR 

HC A04/MF A01 CSCL 22B S 

° f 8 Spaceiab cr V° 9 en management 
SSZTl p0rt ° ,med 10 dem O'istralo toB desirability and 
feas^ility of subcntical cryogenic fluid orbital storage and supply 
A daacr.pt.on of the experimental apparatus definition of 

mSSiam"? ™ qu ! ,e . m ® nls - Pracadures. data analysis, and a cot! 
estimate are included 7 

Author 
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1 7 SPACECRAFT 

COMMUNICATIONS. COMMAND 
AND TRACKING 

tncludw telemetry: spice communications network*; 
astransvlgetion: and radio blackout. 

For ralatad information saa also 04 Aircraft Communica- 
tions and Navigation and 32 Communications. 


M77-332M*# National Aeronautics and Space Administration. 
Lewis Research Canter. Cleveland. Ohio. 

EARLY PERFORMANCE OF THE 12-QHa. 200-WATY 
TRANSMITTER EXPERIMENT PACKAGE IN THE COM- 
MUNICATIONS TECHNOLOGY SATE LUTE 

Washington Oct. 1977 66 p refs 

(NASA-TM-X-35SS; E-91Q4I Avail. NTIS HC A04/MF AOI 
CSCL 178 

Measured performance characteristics of the transmitter 
experiment package ITEPI aboard the Communications Technology 
Satellite for the First 90 operating days in orbit are presented. 
The TEP consists of a nominal 200-watt output stage tube (OST). 
a supporting power processing system (PPS). and a variable- 
conductance heat pips system (VCHPS). The OST, a traveling- 
wave tuba augmented with a 10-stage depressed collector, has 
an overall saturated average efficiency of 61.6 percent and an 
average saturated radiofraquancy (RF| output power at canter-band 
frequency of 240 watts. The PPS operated with a measured 
efficiency Of 86,6 percent to 88.6 percent. The VCHPS. using 
three pipes to conduct heat from the PPS and the body of the 
OST to a 62-centimeter by 124-centimeter (20,6-in. by 48.76-in ) 
radiator fin, maintained by the PPS baseplate temperature below 
60 C for ail operating conditions. The TEP performance characteris- 
tics presented include frequency response. RF output power, 
efficiency, and distortions. Communications characteristics were 
evaluated by using both video and audio modulated signals 

Author 


A77-12987 * r Long lifetime hallow cathodes tor 30-cm 
mercury ion thrusters. M, J, Mirtieh ami W. R. Kerslake (NASA, 
Lewis Research Center. Cleveland, Ohio). American Institute of 
Aeronautics and Astronautics. International Electric Propulsion 
Ctllderence, Key Biscayne. Fla.. Nov. 14-17. 1 976. Paper 76 985. 16 
p. 23 -els, 

An experimental investigation ol hollow cathodes lot 30-cm He 
bombardment thrusters was carried out. Both main and neutralizer 
lathone configurations were tested with both rolled foil inseits 
coated with low work function materia! and impregnated porous 
tungsten inserts. Temperature measurements of an impregnated 
insert at various positions itt the cathode were made. These, along 
with the cathode thermal prolile are presented. A theory for tolled 
toil and impregnated insert operation and lifetime In hollow cathodes 
is developed. Snveial endurance tests, ns long as IB. ODD hours at 
emission laments ot up to 12 amps were attained with no 
degradation ill performance. (Author) 


A77-12B88 * a Cycle life testing of 8-cm mercury ion thruster 
cathodes. E. G. Wintucky (NASA, Lewis Research Center. Cleveland, 
Ohio). American Institute ol Aeronautics and Astronautics. Inter- 
national Electric Propulsion Conference, Key Biscayne, Fla., Nov . 
14 17. 1976, Paper 76-986. 14 p. 1 1 refs. 

Two main cathodes have successfully completed 2800 and 1980 
cycles anil three neutralizers, 3928, 3050, and 28B0 cycles in 

ongoing cycle llle tests ot flight-type cathode-isolator -vaporizer and 
neutralizer-isolntor-vaporizer assemblies for the 4.45 mN 8 cm Hg ion 
thruster system. Each cycle included one houi ot cathode operation. 
Starting and operating conditions simulated those expected In a 
typical auxiliary propulsion mission duty cycle. This paper presents 
tire cycle tile test results and also results of air insert comparison tost 
which led to the selection of a rolled foil insert type tor the 8-cm 
Engineering Model Thruster cathodes. (Author) 


A77-47963 • y On-orbit performance of the 12 GHz. 200 
watt transmitter experiment package for CTS. R. E. Alexovich 
(NASA. Lewis Research Center. Cleveland, Ohio). Institute of 
Electrical and Electronics Engineers. International Conference orr 
Communications. Chicago. Hi, June 12-15. 1977, Pape.. 8p. 6 refs. 

Performance characteristics from on-orbit tests of the Trans- 
mitter Expel intent Package ITEP) for the Communications Technol- 
ogy Satellite (CTS) are presented. The TEP consists of a Power 
Processing System (PPS). an Output Stage Tube (OST). and a 
Variable Conductance Heat Pipe System (VCHPS). all of which are 
described. The OST is a coupled-cavity traveling-wave tube with a 
multistage depressed collector and a stepped velocity-tapered slow- 
wave structure for efficiency enhancement. It has an RF uutput 
power ot 240 W and an overall efficiency of 51.5% at a center band 
tretpiency of I2.08D GHz, The PPS provides the required operating 
voltages, regulation, control, and protection for the OST. It has a 
measured dc-de conversion efficiency ot 86.5% to 88.5%. The 
VCHPS consists of a fin radiator and three dual-artery stainless steel 
heat pisses using methanol and a mixture of inert gases. Test results 
presented include efficiencies, RF output ppwet. frequency response, 
and performance with single and multiple (two) carriers frequency- 
modulated try video signals. (Authorl 
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18 SPACECRAFT DESIGN. TESTING 
AND PERFORMANCE 

Inductee tpacecraft thtrmtl and anviranmantil control; 
and attitude control. 

For lit* support system* aaa 54 Min/ System Technology 
end Lite Support. For related information aaa aloo 05 
Atrcnft Design. Testing end Pertorminee and 39 Structural 
Mlchinks 


N7?-10141'| National Aeronautics and Space Adminiitration. 
Lewis Research Center. Cleveland. Ohio. 

ENVIRONMENTAL CHARGING TESTS OF SPACECRAFT 
THERMAL CONTROL LOUVERS 

F. D, Berkopec. N. J. Stevens, F. W. Schmidt, and R. A. Bloch 
Sep 1976 38 p refs 

(NASA-TM-X-73517; E-8927) Avail: NTiS HC A03/MF A01 
CSCL 22B 

The environmental charging ol spacecraft surfaces program 
consists, in pan. ol experimental evaluation of material response 
to tho environmental charged particle flux. A flight type spacecraft 
thormal control louver assembly has been tested in an electron 
flux. The louver blade surface potential, tho louver assembly 
currents, end the relatively high number of discharges observed 
in the electron environment are self-consistent results. Tho 
unexpected result of this lasting was the flutter observed when 
the louvers were closed. Tho flutter is about 1 to 2 Hi in 
frequency and is probably alectrostatically inducod. Author 


N77- 16106’# National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. Ohio, 

THERMAL PERFORMANCE OF A MODULARIZED RE- 
PLACEABLE MULTILAVER INSULATION SYSTEM FOR A 
CRYOGENIC STAGE 

Richard H. Knot! Washington Jan 1977 71 p refs 
(NASA-TN-D-8282 E-8809) Avail: NTIS HC A04/MF A01 
CSCL 22A 

A rugged modulariiod Mil system tor a 2.23-metor-diameter 
(87.6-in -diom) liquid hydrogen tank was designed, fabricated, 
and tested under simulated near-earth and deep-space environ- 
ments. Tho two blankets of tho system woro each composed of 
17 doublo-alumimied Mylar radiation shields separated by silk 
net. Tho unit area weight of the instullad system was 1.54 kg/sqm 
10.32 Ib/sq ft). The overall average heat transferred into tho 
insulated tank was 22.7 and 0.98 watts (77 A and 3 3 Btu/hr) 
during simulated noar-oarth and deop-space testing, respectively. 
Tho noar-oarth result was only 2.6 times that predicted for an 
undisturbed insulation system (i.e . no seams or penetrations). 
Tests indicate that this insulation concept could bo useful for a 
cryogenic space tug or orbit transfer vehicle application. Author 


N77-1B2Q2*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

TESTING OF TYPICAL SPACECRAFT MATERIALS IN A 
SIMULATED SUBSTORM ENVIRONMENT 
N. John Stephens. Frank D. Berkopec. John V. Staskus, Richard 
A. Blech, and Steven J. Narciso 1976 27 p refs Presented 
at the Spacecraft Charging Technology Con! . Colorado Springs 
27-29 Oct. 1976: cosponsored by the USAF and NASA 
( NASA-TM -X-7 3603: E-8970-4) Avail: NTIS 

HC A03/NIF A01 CSCL 22B 

An investigation to determine spacecraft materials characteris- 
tics under charging conditions was conducted at the Lewis 
Research Center substorm simulation facility. The test specimens 
were spacecraft paints, silvered Teflon, thermal blankets and solar 
armv senmnnts The samnles. ranoino in siie from 300 to 
1.000 sq cm were exposed to monoenargetic electron energies 
from 2 «o 20 keV at a current density of I nA sq cm. The 
samples generally behaved as capacitors with strong voltage 
gradients at their edges. The charging characteristics of the silvered 
Teflon. Kapton. and soler cell covers were controlled by the 
secondary emission characteristics. Insulators that did not 


discharge were the spacecraft paints ai>J tho quartz fiba' cloth 
thermal blanket sample All other samples did experience 
discharges when the surface voltage reached -8 to -16 kV. The 
discharges were photographed The breakdown voltage for each 
temple was determined end the average energy Inst re the 
discharge was computed. Author 


N77-19168*# National Aeronautics and Spoce Administration 
Lewis Research Contor. Ctovolnnd. Ohio, 

MASS STUDY FOR MODULAR APPROACHES TO A SOLAR 
ELECTRIC PROPULSION MODULE 

G Richard Sharp. James E. Cake. Jon C Oglebay. and Francis 
J. Shaker Mar. 1977 37 p refs 

(NASA-TM-X-3473: E-8800) Avail: NTIS HC A03/MF A01 
CSCL 21C 

The propulsion module comprises six to eight 30-cm thiustor 
and power processing units, a mercury piopollont storage and 
distribution system, a solar array ranging in power from 18 to 
25 kW. and tho thermal and structure systems required to support 
the thrust and power subsystems Launch and on-arbil conf-gura- 
lions are presented for both modular approaches Tho propulsion 
module satisfies tho thormal design requirements of a multimission 
set including Mercury. Saturn, and Jupiter orhitars. a t-AU 
solar observatory, and comet and asteroid rendezvous. A 
detailed mass breakdown and a mass equation relating the total 
mass to tho number of thrusters and solar array power requirement 
is given for bath approaches Author 


N77-19169’# National Aeronautics and SpBcc Administration 
Lewis Research Center. Cleveland. Ohio 

DESIGN. FABRICATION. AND STRUCTURAL TESTING OF 
A LIGHTWEIGHT SHADOW SHIELD FOR DEEP-SPACE 
APPLICATION 

DBVid Miao. James R Barber, and Richard L OoWitt Washington 
Mar. 1977 51 p rofs 

(NASA-TN-D-83 19. E-8889) Avail NTIS HC A04/MF AO! 
CSCL 22A 

Two full-scale, lightweight, double sheeted shadow shields 
were developed os the primary element ol a donpspoca thermal 
protection system for liquid-hydrogen propellant tankdgu The 
thormal and mechanical considerations used in s, the method at 
fabrication, and tho environmental testing results on a prototype 
shield are discussed Testing consisted of a transient cooldown 
period, a prolonged cold soak, and a transient warmup. The 
mechanical and thermal analyses used in thu shield design are 
sufficient to produce a lightweight rugged shadow shield assembly 
that is structurally adequate for its intendod application Author 


N77-19160*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohm 

CHARGING CHARACTERISTICS OF MATERIALS: COM- 
PARISON OF EXPERIMENTAL RESULTS WITH SIMPLE 
ANALYTICAL MODELS 

Carolyn K. Purvis. N. John Stevens, and Jon C Oglebay 1977 
29 p refs Presented at tho Spacecraft Chaiging Technol Coni . 
Colorado Springs. Colo.. 27-29 Oct 1976. cosponsored by NASA 
and AF 

( NASA-TM -X-7 3606, E 8970-2) Avail: NTIS 

HC A03/MF AO I CSCL 226 

An understanding of the behavior of materiuhs. of dielectrics 
in particular, under chergod particle bombardment is essential 
to the prediction and prevention of tho adverso effects of spacecraft 
charging A one-dimensional model for charging of samples in a 
tort facility was used in conjunction with experimental data 
taken to develop material charging characteristics' for silvered 
Teflon These characteristics wore then used in o one-dimensional 
madol for charging in space to examine expected response. 
Relative charging rates as well as relative charging levels far 
silvered Teflon and metal are discussed. Author 
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L A *™ n,uliC8 and Spw* Adminitt ration. 
L«wr» HtMirch Canter, Cleveland. Ohio, 

I F .ve«*« fi? "»Ti0WW*O THERMAL 

^ C g*^ ^ f °* WiM and J Bovle Washington May 1877 

CSCL^M ° 8320: E888,> Av * i,: NTIS HC A06/MF A01 

un Jn.HId S i^ 8 .T. 0n8, | r<l ’* d ,h '* C ^° 8 * nic PrapelliW* can be stored 
^“ e . n ' Bd \ p * c ® , ° n ° « nou » h «° «complHh a Saturn orbiter 
mission after 1. 200-day eoait. The thermal design of a hydrooen- 
fluorme rocket stage was carried out, and the hydrogantsnk. 
its support structure, and thermal protection system mra tested 
m a vacuum chamber. Heat transfer rates of approximately 23 
W were measured in tests to simulate the nesr-Earth portion of 
tha mission. Tells so simulate the majority of the time the vehicle 
and Sljn ' 0tiented ,MU "* d in 


A77-12530 ft Spacecraft charging insestigation - A joint 
research end technology program. R. R. Lovoll, N. J. Stevens (NASA 
. !. Research Ccn,or - Cleveland, Ohiol.W. SchoberfUSAF Space 
and Missile Systems Organization, El Sogundo. Calif ) c P Pike 
H eophysic3 f-aboratory. Bedford. Mass.l, and W. Lehn 
(USAF, Materials Laboratory, Wright-Patterson AFB, Ohio). In: 
Spacecraft charging by magnetospheric plasmas; Symposium Wash- 

1M29 ’ M JUn v I 6- ?- ’ 975> TCChnical Pap ^- <A7?- 

12529 02-18) New York, American Institute of Aeronautics and 

Astronautics, Inc.; Cambridge, Mass., MIT Press, 1976, p. 3-14, 5 
fcfs, 

. A iointly planned U.S. Air Force-NASA prcgrom has been 
established to investigate the spacecraft charging phenomenon that 
has caused electronic anomalies in satellites in geosynchronous 
orbits. The objectives of this program are to provide design criteria 
techniques and tost methods to insure control of absolute and 
differential charging of spacecraft surfaces. These objectives will be 
updated continuously over the next four years os data become 
available from the combined contractual and in-house programs, The 
geosynchronous altitude environment will be defined, ground and 
flight tests will bo conducted, and materials and charge control 
techniques will be developed as required. The ultimate output of the 
program will be a spacecraft charging design criteria and test 
specification document. The program will be coordinated by a 
Char9ma p,0 ® rBm review group which has both Air Force 
and NASA representation. (Author) 
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1 9 SPACECRAFT 

INSTRUMENTATION 

For rained information in alio OS Aircraft Instnumnta- 
tion and 35 Instrumentation and Photography 


N77-10148* National Aeronautics ond Space Administration. 

Lewis Research Center.- Cleveland, Ohio 

ION BEAM THRU STEM SHIELD Patent 

John L. Rawer, inventor (to NASA) Issued S Oct. 1976 8 p 

Filed 12 Sep 1975 Supersedes N75-32166 (13 • 23. 

p 2885) 

(NASA-Case-LEW- 1 2082- 1 : US-Patont.3.983.695; 

US-Patent- Appl-SN-6 1 2964; US-Patent-CiBss-60-202; 
US-Patent-Class- 3 13-36 1 ; US-Petunt-Class-313-231 4: 
US-Paient-Ctass-3 13-240 US-Patent-Ctass-316-lt 1 3) Avail. 
US Patent Office CSCL 21C 

An ion thruster beam shield is provided that comprises a 
cylindrical housing that oxtonds downstream from the ion thruster 
and a plurality of annular vanes which are spaced along the 
length of tho housing, and extend inwardly from the interior 
wall of the housing. The shield intercepts and stops alt charge 
exchange and beam ions, neutral propellant, and sputter products 
formed due to the interaction of beam and shield emanaiing 
from the ion thruster outside of a fixed conical angle from the 
thruster axis. Funher. the shield prevents the sputter products 
formed during the opoction of the engine from escaping the 
interior volume of the shield. 

Officiol Garotte of tho U S. Patent Office 


N77-10149*# Notional Aeronautics and Space Administration 
Lewis Research Corner. Cleveland. Ohio 

STATUS OF SERT 2 THRUSTERS AND flPACECH AFT 
1978 

William R Kersiake 1976 12 p tofs Proposed for ptosentation 
at Intern. Elec, Propulsion Conf. Key Biscayne. Fla . 16-17 Nov. 
1976; sponsored by AIAA 

(NASA-TM-X-73501) Avail. NTIS HC A02/MF A01 CSCL 
21C 

The histoncal locord of the SERT If inn thrusters and spacecraft 
performance for 6 1/2 years since the February 1970 lounch is 
reviowod. The most recent ion thruster operation test shows no 
changes since 1974. Thruster 2 is fully oporational with no 
performance degradation Thrustei t has a high voltage grid 
short, but continues to demonstrate cathode and discharge relight 
capability. Spacecraft orbit and dynamic analysis indicates a stable, 
sun-synchronous spacecraft orientation by 1979. An attitude 
adjustment maneuver was performed in August 1976 to 
achieve this orientation and provide sufficient continuous solar 
power for thruster operation in 1979 Author 


N77-17141*# National Aeronautics and Space Administration, 
Lewis Reseaich Center. Cleveland. Ohio. 

DEVELOPMENT OF ENVIRONMENTAL CHARGING EFFECT 
MONITORS FOR OPERATIONAL SATELLITES 

N. John Slovens. John C. Sturman, end Frank 0. Barkopec 1976 
7 p refs Presented at the Spacecraft Charging Technology 
Conf.. Colorado Springs, Colo.. 27-29 Oct. 1976: sponsored by 
the USAF and NASA 

(N ASA-TM -X-7360 1 ; E-8970-BI Avail; NTIS 

HC A02/MF A01 CSCL 148 

An instrumentation package to monitor the effects of the 
environmental charging of spacecraft surfaces on the systems 
of operational spacecraft was developed. This package performs 
two functions: fust, the local charged particle flux and the particle 
characteristic energy is monitored: and sacond. transients in the 
spececrafi electrical harness is counted as a function of amplitude. 


with time It is used to determine the duration and effect of 
any environmental charging of the spacecraft surface- Thus, it 
wilt be possible to determine the relationship between the 
occurrence of any anomalies and the charging phenomenon 
Oeiigri details and design goals of this package aro presented 

Author 


N77-24190*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

THE M70-NEWT0N ATTITUDE-CONTROL THRUSTER 
USING HYDROGEN-OXYGEN PROPELLANT 

Larry H. Gordon Washington May 1977 39 p refs 
INASA-TM-X-3S23: E-8981) Avail: NTIS HC A03/MF A01 
CSCL 21H 

The development of a reusable, attitude-control propulsion 
system for the space transportation systom is discussed A flight 
weight, gaseous oxygen attitude control thruster assembly was 
tested to obtain data on cyclic life, thuimel and hydraulic 
characteristics, pulse response, end performance Tho basic 
Ihiustet components wore tested in excess of 51,000 pulses 
and 660 seconds, steady slate, with no degradation of the 
93 peicnnl characteristic exhaust velocity efficiency level Nominal 
operating conditions were e chamber pressuro of 207 N sq cm 
(300 psia). a mixture ratio of 4 0. a pulse width of 100 ms. 
and a pulse frequency of 2 Hi Author 


50 


20SPACECRAFT PROPULSION AND 
POWER 

Includes main propulsion systems and components e g,, 
rocket t\ dines; and spacecraft auxiliary power sources. 

For related information see also 07 Aircraft Propulsion, 
28 Propellants and Fuels, and 44 Energy Production and 
Conversion. 


^77~10t50*j<l National Aeronautics and Space Administration. 
Lewis Rosoarch Center, Cleveland, Ohio 
A 30 cm DIAMETER ARGON ION SOURCE 
J S Sovoy 1976 16 p refs Presented Jl 12th Intern Elec. 
Propulsion Conf . Key Btsnyne. Fla . 15-17 Nov. 1976. sponsored 
by AIAA 

INASA TM-X-73509 E 89171 Avail NTIS HC A02/MF A01 
CSCL 2 1 C 

A 30 cm diameter argon ion source was evaluated. Ion 
source beam currents up to 4a were extracted with ion energies 
ranging from 0 2 to 1.5 KeV An ion optics scaling relation was 
developed for predicting ion beam extraction capability as a 
function of total extraction voltage, gas type, and screen grid 
open area Ignition and emission characteristics of several hollow 
miometries were assessed for purposes of defining 
discharge chamber and neutralizer cathodes Also presented are 
ion beam profile characteristics which exhibit broad beam 
capability well sailed for ion beam sputtering applications 

Author 


N77-1016 1*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio 

MODULAR THRUST SUBSYSTEM APPROACHES TO 
SOLAR ELECTRIC PROPULSION MODULE DESIGN 

James E Cake. G Richard Sharp, John C Oglcbay. Francis J. 
Shaker, and Ralph J. Zavesky 1976 25 p refs Presented at 
the 1 2fh Intern Elec Propulsion Conf. Key Biscayne. Fla.. 
15-17 Nov 1976. sponsored by AIAA 

(NASA-TM X 73502. E-8B00) Avail NTIS HC A02/MF AO I 
CSCL 21C 

Three approaches are presented for packaging the elements 
of a 30 cm ion thruster subsystem into a modular thrust subsystem. 
The individual modules, wher. integrated into a conceptual solar 
electric propulsion module are applicable to a multinussion sot 
of interplanetary flights with the space shuttle interim upper 
stage as the launch vehicle. The emphasis is on the structural 
and thermal integration of the components into the modular 
thrust subsystems. Thermal control foi the power processing units 
is either by direct radiation through louvers in combination with 
heat pipes or an all heat pipe system The piopollant storage 
and teed system and thruster gimbai system concepts are 
presentc.! The three approaches are compared on the baste of 
mass. cost, testing, interfaces, simplicity, reliability, and maintain- 
ability. Author 


N77-101B2*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

HIGH DENSITY PHOPELLANT FOR SINGLE STAGE TO 
ORBIT VEHICLES 

J. J. Nolardonato and Philip A. Masters 1976 15 p refs 

Proposed for presentation at the JANNAF Propulsion Meeting. 
Atlanta. 7-9 Dec 1976 

(NASA-TM-X-73503: E-6850) Avail NTIS HC A02/MF A01 
CSCL 22B 

Mixed mode propulsion concepts are studied for advanced, 
single stage earth orbital transportation systems fSSTO) far use 
in the post- 1990 time period. These propulsion concepts are 
based an the sequential and/or parallel use of high density impulse 
end high specific Impulse propellants in a single stage to increase 
vehicle performance and reduce dry weight. Specifically, the 
mixed rnodB concept utilizes two propulsion systems with two 


different fuels fmode 1 and mode 2} with liquid oxygen as a 
common oxidizer Mode 1 engines would burn a high bulk density 
fuel for lift-off and early ascent to minimize performance penalties 
associated with carrying fuel tankage to orbit Mode 2 engines 
will complcie orbital injection utilizing liquid hydrogen as the 
* ue ^ Author 


N77-10153*# National Aeronautics and Space Administration. 
Lewis Reseaich Center. Cleveland. Ohio 

STATUS OF 3D-CENT1METER-OIAMETER MERCURY ION 
THRUSTER ISOLATOR DEVELOPMENT 

M A. Mantonioks 1976 12 p refs Presented at 12th Intern 
Electric Propulsion Conf.. Key Biscayno, Fla . 15-17 Nov. 1976, 
sponsored by AIAA 

(NASA-TM-X-73514; E-8921) Avail NTIS HC A02/MF AOI 
CSCL 2 1C 

Results are presented of several 30 cm diameter mercury 
ion thruster isolator life tests that show that the onset and 
exponential increase of leakage current problems observed in 
earlier thruster operations and isolotor tests have boon solved. 
A 10. 006 hour life test of a mam isolator vaporizer operated 
with no mercury now at 320 C and 1500 volts was found to 
have no onset of leakage current during the test A cathode-isolator 
vaporizer operated with a mercury discharge at 340 to 360 C 
and 1200 volts for 16.000 houis. was found to have a small 
increase of leakage current with time. A 10.000 hour thruster 
life test exhibited no meteese of leakage current duung the life 
test. Isolators have been developed which will satisfy 30 cm 
mercury ion thruster mission requirements. Author 


Nf 7-10164°# National Aeioneutics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 

A THRUST-SHEET PROPULSION CONCEPT USING 
FISSIONABLE ELEMENTS 

W. E. Moeckol 1976 13 p refs Presented at Intern. Electric 
Propulsion Conf.. Key Biscayne. Fla.. 14-17 Nov 1976; sponsored 
by AIAA 

(NASA-TM-X-73469) Avail. NTIS HC A02/MF AOI CSCL 
21H 

A space propulsion concept is proposed and analyzed which 
consists of a thin sheet coated on one side with fissionable 
material, so that nuclear power is convened directly into propulsive 
power. Thrust is available both from ejected fission fragments 
and from thermal radiation. Optimum thicknesses are determined 
for the active and substrate layers This concept is shown to 
have potential mission capability (in terms of velocity incre- 
ments! superior to that of all other advanced propulsion concepts 
for which performance estimates are available A suitable 
spontaneously fissioning matenal such es Cf254 could provide 
an extremely high-performance first stage beyond earth orbit. In 
contrast with some other advanced nuclear propulsion concepts, 
there is no minimum size below which this concept is infeasi- 
ble. Author 


N77-10166 0 # National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

A 16.000-HOUR CYCLIC ENOURANCE TEST OF AN 
8-CENTIMETER-DIAMETER ELECTRON BOMBAROMENT 
MERCURY ION THRUSTER 

Shrgao Nakanishi 1976 37 p refs Presented at the 12th 
Intern. Elec. Propulsion Conf. Key Biscayne. FIb.. 15-17 Nov. 
1976. sponsored by AIAA 

(NASA-TM-X-73508: E-886) Avail: NTIS HC A03/MF AOI 
CSCL 21C 

A laboratory model 8 cm thruster with Improvements to 
minimize ion chamber erosion and peeling of sputtBred metal 
was subjected to a cyclic endurance test for 15,040 hours and 
480 restarts. A charted history S6f» several thruster operating 
variables and off-normal events are shown in 600-hour segments 
at three points in tho test. The transient behavior of these variables 
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.Lew 7 ,s"ls?a’rch ' eronau "^ and Space Admuestration 

Sa ch Len,er Cleveland. Ohio 

ELECTRON BOMBARDMENT PROPULSION RVotciu 
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15 17 Nov 1976; sponsored by AIAA V 
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operations o, large space systems are presented Using baseline 
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Author 
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Washington Jul. 1976 ,20 p refs 

(NASA-SP-8,20) Avail: NTIS HC A06/MF AO, CSCL 2,H 
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ANODE FOR ION THRUSTER Patent 
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of stainless steel wire, cloth with a mesh size less than the 
systems S °- “T*" 85 ° f ' h ° SCr0en Br,d or accelerator odd 

wrtTwnta um rir ,h,us ' BF - ' "» “«»>" anode is sputter coaled 
w th tantalum as a result of thruster operation. Because of the 

menass of the screen anode any spalled ma.enal horn the 
tan alum coated anode is in such small dimensions that the 

ond sire 6005 T nn °.' ' n,B,,er<, W " h ,he acc 0teraror and screen 
grid systems and with the focusing therebetween 

Official Gazette of the U S Patent Office 
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R p. Gruber Mar ,g77 25 p rels 
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hn „ A , nav£ ' so ' ar a™«V/ion thruster system control concept has 
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arar** e ,,m ~ «» * 

us.no J”"?,!!!, ,0r reflula,in 0 ,pa “Olwoe cl a sola, array by 
using a microprocessor to elloct discrete voltage cha.mos was 

^^mu?amT. E ‘ flh ' ah ‘ min ° sw ltchos wore employed tomgulate 
15000 ^,. TV' ae, ' P0 " , ‘ V °" aaBS ^'woen 10.000 and 
ated ’ '™ ni " a " on sh °wed that the microprocessor 
whethar m *' a " aV ou, P ut vollfl 80 mdopendenlly ot 

In .Mi, an "" °'° UPS W0 ’° b '"’-V *rn,d n 

canabrlltu £**!!?. wtcroprocosso. provided logic memory 

rrav,x»',v“““ — ■■ -2 

Author 


Bfsa ssrc!ars»r *«—•«- 

®° uo "°*« T motor internal insulation 

■mSiS ttr.fi; r^'Vp- ^ m,na,on ' 081 1 a " d 

(NASA-SP-80931 Avail NTIS HC A06/MF AOt CSCL 21H 
Internal insulation In a solid rocker motor j.r ) 21H 
layer of heat barrier materiel placed botwatm the Internal'surface 

mmmm 


esszl as cisrsr ■"» *“— ■* 

cvISSSSf nmnoiKm <* 

sisrsr ;;.f, j? .sx -~ « ■» 

CSCL^ t H X 73665: E ‘ 91881 Av8il NT,S HC A 02 /MF A 01 

Twenty-two cylindrical test sections of a cylindrical rocket 
h rust chamber were fabricated and 21 of tham we™ 'yclS to 
failure to explore the failure mechanisms, determine the effects 
of wall temperature on cyclic life, and to rank the materiel Ufa 
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A 77 -I 3017 * r a thruit sheet propulsion r jn ccdt u,i„„ 

A space propulsion concept is proposed and analyzed whioh 
consists of 0 thin sheet coated 0 „ one Z 

ueve and attetraia layers. This concept is shown , 0 h e pm ,, 
mis on capability (,» terms of velocity increments) “ 

ot all other advanced propuls.on concepts | ol w l,rl.n.n 
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A77-13027 * # Status of SEHT It thrusters end spacecraft - 
1976 a W. R. Korslokc (NASA, Lewis Research Center, Cleveland, 
Ohio), American Institute of Aeronautics and Asrranauf/cs, Inter- 
national Electric Propulsion Conference. Key Biscayne, Fla., A lot/. 
14- 1 7. 1976. Paper 76-1061. 9 p. 8 rots. 

The historical record of the SERT II ion thrustors and 
spacecraft performance for 6- 1 /2 years since the February 1970 
launch is reviewed. The most recent ion thrustor operation tost 
shows no changes since 1974. Thrustor 2 is fully operational with no 
performance degradation. Thrustor 1 has a high voliago grid short, 
but continues to demonstrate cathode and discharge relight capabil- 
ity. Spacecraft orbit and dynomic analysis indicates a stable, 
sun-synchronous spacecraft orientation by 1979. An attitude adjust- 
ment maneuver was performed in August 1976 to achiove this 
arientotian and provide sufficient continuous solar power for 
thrustor operation In 1979. (Author) 


A77-13028 • P Modular thrust subsystem approaches to solar 
electric propulsion module design. J. E. Cake, G. R. Sharp, J. C. 
Oglebay, F. J, Shaker, and R. J. Zevesky (NASA, Luwis Research 
Center, Cleveland, Ohio). American Institute of Aeronautics and 
Astronautics. International Electric Propulsion Conference. Key 
Biscayne, Fla, Nov. 14-17, 1S76, Paper 76-1062 . 14 p, 1 0 rols. 

Thine approaches ore presented tor packaging the elements of a 
30 cm ion thrustor subsystem Into a modular thrust subsystem. The 
individual modules, when integrated into a conceptual solar uluctric 
propulsion module arc applicable to a multimission set ot inter- 
planetary flights with the Space Shuttle/Interim Upper Stuge as the 
launch vehicle. The emphasis is on the structural and thermal 
integration of the components into the modular thrust subsystems. 
Thermal control for the power processing units is either by direct 
radiation through louvers in combination with heat pipes of an alt 
heat pipe systom. The propellant storage and feed system and 
thrustor gimbal systom concepts are presented. The throe approaches 
ate competed on the basis oi mass, cost, testing, interfaces, 
simplicity, reliability, and maintainability. (Author) 


A77-150B7 * a Sputtering phenomena of discharge chamber 
components in a 30 cm diameter Hg ion thrustor. M. A. Mantenieks 
and V. K. Rawlin (NASA. Lewis Roseaich Cento, Cleveland. Ohio). 
American Institute of Aeronautics and Astronautics, International 
Electric Propulsion Conference, Key Biscayne, Fla., Nov. 14-17, 
1976, Paper 76-988. 24 p. 30 tefs. 

Sputtering and deposition rates have been measured for dis- 
charge chamber components of a 30-cm diameter mercury ion 
thrustor. It was found that sputtering rotes of the screen grid and 
cathode baffle were strongly affected by geometry of the baffle 
holder. Sputtaring rates of the baffle and screen grid were reduced to 
80 and 125 A/hr, respectively, by combination of appropriate 
geometry and moterials selections, Sputtering rates such as these are 
commensurate with bluster lifetimes of 15,000 hours or more. A 

semiempirical sputtering model showed good agreement with the 
measured values. (Author) 


A77-1S0BS * H An endurance test of • 900 series 30-cm 
engin taring model ion thruster. C. R. Collett (Hughes Itosearch 
Laboratories, Malibu, Calif.) and R. T. Bechtel (NASA, Lewis 
Research Center, Cleveland, Ohio). American Institute of Aero- 
nautics and Astronautics, International Electric Propulsion Con- 
ference, Key Biscayne, Fla, Nov. 14-17, 1976. Paper 76-1020 . 9 p. 9 
rets. Contract No, NAS3-18914. 

The 10,000 hour endurance test of tha first engineering mode) 
30-cm thrustor (S/N 701) identified discharge chamber erosion as a 
life limiting problem. Modifications to minimize this problem have 
been implemented in the 900 series thruitcrs. This paper describes a 
teat conducted to evaluate the success of those modifications. The 
post-test analysis results of thrustar 701 are summarized and the 
erosion reducing modifications described. Tost results for thruster 
901 up to 4165 hours, when the test was interrupted by a shorted 


wire, are described. The conclusions of a post-test anamination of 
thruster 901 are included. Also being evaluated was a thermal 
vacuum breadboard SCR seiias inverter power processor which is 
described. (Author) 


A77-15099 * ■/ Status ol 30-continietar-diameior mercury ion 
thruster isolator development. M. A. Mantenieks (NASA. Lewis 
Research Center, Cleveland, Ohio). American Institute of Aero 
usuries and Astronautics. International Electric Propulsion Con- 
ference, Key Biscayne. Fla. Nov. 14-17, 1976, Paper 76-1027. 12 p. 
25 refs. 

Results are presented lor several 30-cmdiamutor mercury-ion- 
thruster isolator life tests which show that the onset and exponential 
increase of Icokage-currcm problems observed in eailier thrustor 
operations and isolutor tests have been solved. A 10, 006-hour life 
test of a main isolator-vaporizer operated with no mercury flow at 
320 C and 1500 volts was found to have no onset of luakage cuirent 
during the test. A cathode-isolator vapou'zur (CIV) operated with a 
mercury discharge at 340 to 360 C and 1200 volts for 18,000 hours 
was found to have a small increase (0.004 micro A/ltr) in leakage 
current with time. A 10, 000-hour thrustor life test exhibited no 
increasu in leakage current during thu life test, it is concluded that 
isolators have boon developed which will satisfy 30-cm mercury-ion' 
thruster mission requirements. (Author) 


A77-15101 * fi Performance documentation of tha Engineer- 
ing Model 30 cm diameter Thruster. R. T. Bechtel and V. K. Rawlin 
(NASA. Lewis Research Center, Cleveland, Ohio). American Institute 
ot Aeronautics and Astronautics, international Electric Propulsion 
Conference, Key Biscayne, Fla. Nov. 14-17, 1976, Paper 76-1033. 
36 p. 17 rets. 

Presented are the results ol extensive testing ot two 30-cm ion 
thrusters which ere virtually identical to the 900 scries Engineering 
Model Thruster in an ongoing 15,000-hour life test. Included are 
performance data for the nominal full-power (2650 W) operating 
point; performance sensitivities to discharge voltage, discharge losses, 
accelerator voltago, end mugnetic baffle current; and several power 
throttling techniques (maximum Isp, maximum thrust/powor ratio, 
and two cases in between). Criteria lor throttling arc specified in 
terms of the screen power supply envelope, thruster operating limits, 
and control stability. In addition, reduced requirements lot suc- 
cessful high voltage recycles are presented. (Author) 


A77-15103 * « Electron bombardment propulsion system 
characteristics far large space systems. D. C. Byers and V. K. Rawlin 
(NASA, Lewis Research Center, Cleveland, Ohio). American Institute 
of Aeronautics and Astronautics. International Electric Propulsion 
Conference, Key Biscayne. Fla., Nov. 14-17, 1976, Paper 76-1039. 
34 p. 3G r efs. 

Presented are the results ol an analysis ot electron bombardment 
ion propulsion systems for use in lire transportation and on-orbit 
operations of large space systems. Using baseline technology horn 
the ongoing primary propulsion program and other sour cos, pre- 
liminary estimates of the expected characteristics of key system 
elements such as thrusters end propellant storage systems have been 
perioimed. Projections ol expected thruster performance on ergon 
mo piesuntud based on identified constraints which limit the 
achievable thrust and/or powei density of bombardment thrusters. 
System characteristics aru then evaluated as a function ot thruster 
diameter and specific impulse. (Author) 


A77-23917 * H NASA 30,000 hour test demonstration of 
closed Brayton cycle reliability. J E. McCormick (AiRasearch 
Manulat turing Company of Arizona, Phoenix. Ariz.) and J. H. Dunn 
(NASA, Lewis Research Center, Clovelond, Ohio). American Institute 
of Aennautics and Astronautics, Conference on the Future of 
Aerosprco Power Systems, St. Louis, Mo., Mar. 1-3, 1977, Paper 
77-49'.. 3 p. 
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Four Broyton rotatmg units (BRU) developed by on American 
company ware tested in connection with studios concerning the 
feasibility to use closed Braylon power conversion systems tor space 
applications. The rotating assembly operates at a speed ol 36,000 
rpm and consists oi c radial outflow compressor, a lour-pole Rice 
alternator/motor, and a radial inflow turbine. The cycle working 
fluid consists of a mixture of helium and xenon. After 20,000 hours 
o! operation, there was no apparent wear on failure mode to prevent 
attainment of the 5-year BRU design life objective. G.R. 


A77-2391B * H Thermionic energy conversion technology 
Present and future. K. Shimada (California Institute of Technology, 
Jet Propulsion Laboratory, Pasadena, Calif.) and J. F. Morris (NASA, 
Lewis Research Center, Cleveland, Ohio). American Institute of 
Aeronautics and Astronautics, Conference on the Future of Aero- 
space Power Systems, St. Louis, Mo., Mar. 1-3, 1977, Paper 77-500. 
8 p. 13 refs. Contract No. NAS7-100. 

Aerospace and terrestrial applications of thermionic direct 
energy conversion and advances in direct energy conversion (OECI 
technology are surveyed. Electrode materials, the cesium plasma 
drop (the difference between the barrier index and the collector 
work function). DEC voltago/current characteristics, conversion 
efficiency, and operating temperatures arc discussed. Attention is 
centered on nuclear reactor system thermionic DEC devices, for 
in-coro or out-of-core operation. Thermionic fuel elements, the 


radiation shield, power conditions, and a waste heal rejection system 
are considered among the thermionic DEC system components. 
Terrestrial applications include topping power systems in fossil fuol 
and solar power generation, R.D.V, 


A77-38559 * ff Contaur propellant thermal conditioning sys- 
tem. M. H. Blau (General Dynamics Corp., Canvair Div., San Diego. 
Calif.) and J. C. Aydelott (NASA, Lewis Research Center. Cleveland. 
Ohio). American Institute of Aeronautics and Astronautics and 
Society of Automotive Engineers, Propulsion Conference, 13th. 
Orlando. Fla. July 11-13. 1977. AIAA Paper 77-851. 10 p. 14 refs. 
Contracts No. NAS3-17802. No. NAS3- 19693. 

An upgraded Centaur capability was studied by investigating 
three main areas: O) Analytical and cxpeiimentol investigation of 
promising capillary pumping concepts lor passive cooling of cryo- 
genic capillary acquisition devices resulted in selection, test, and 
empirical correlation of four wicking configurations. Only plate/ 
scrcen-screun/plate and plate/screen-plate/screen configurations 
would function successfully under woist case Ccntaui D-1S condi- 
tions, Weight estimates were developed for the passively cooled 
configurations and comparisons were made of passive and actively 
cooled capillary devices. (2) Thermal subcoolers for replacing 
pressurization and boost pump systems for three engine candidates 
aid three Contaur D-1S missions were evaluated for several Iced 
system configurations. Analysis included both transient and steady- 
state operation. Weight comparisons were made among feed system 
alternatives. (31 Existing experimental mixing studies to destroy 
thermal stratification were evaluated to determine the best mixing 
correlation to fit all available data. The correlation was then used to 
modify a compuler program to size thermodynamic vent systems for 
Shuttle-based Contaur derivatives. (Author) 


A77-38580 * « Experimental fatigue life investigation of cy- 
lindrical thrust chambers. R. J. Quentmeyer (NASA, Lewis Research 
Center, Cleveland, Ohio). American Institute of Aeronautics and 
Astronautics and Society of Automotive Engineers. Propulsion 
Conference, 13th, Orlando. Fla.. July 11-13, 1977. AIAA Paper 
77-893. 16 p. 9 refs. 

The thrust chambers studied in the investigation have been 
designed for a possible use in the Space Shuttle main engine. An 
annular combustion chamber configuration was usod. consisting of 
a.i annular injector, a liquid hydrogen cooled outer cylinder, which 
served as the test section, and o contoured water cooled centerbody 
which formed the throat. Twenty-two cylinduis were fabiicatod by 
v 


milling cooling channels into liners fabricated from the mater-, ii to be 
evaluated. The three materials chosen for the liners include OKHC 
copper, Amziic. and NARloy-Z, The cylinduis weie cyclical tested 
until failure occurred due to fatigue cracks in the hot -gas side wall Ii 
was found that cylinduis with Imeis fabricated from NARIoy-2 and 
aged Amziic had the best cyclic life characteristics. G.R. 


N77-13143*# Colorado State Univ.. Fort Collins Dopt. of 
Mechanical Engineering. 

ARGON HOLLOW CATHODE M S. Thesis 

Larry A. Rehn Nov. 1976 60 p rols 

(NASA-CR- 135102) Avail: NTIS HC A04/MF A0 1 CSCL 
2 1C 

An interest in alternate propellants for ion-bombardment 
thrusters, together with ground applications of this technology, 
has prompted consideration of argon. Several variations of 
conventional hollow cathode designs were triBd. but the bulk of 
the testing used a hollow tube with an internal tungBton emitter 
and an orifice at one end. The optimum cathode tube diamoter 
was found to be in the tenon of 1 0-2.5 cm. somewhat larger 
than these used for cesium end mercury. Optimum orifico diametor 
depended on operating conditions, and varied from 0 5 to 5 mm 
Biasing the internal omittor negative rolativo lo the cathode 
chamber reduced the external coupling voltage and should 
therefoie improve orifice lifetime. The expected effect of this 
bias an emitter lifetime was less clear Lifetime tests were not 
conducted as part of this investigation, but several designs show 
promise of long lifetime in specific applications Author 


N77-14187*# Physical Sciences. Inc.. Woburn. Mass 

LASER-HEATED ROCKET STUDIES Final Report, 2* Apr. 
1876 28 Apr. 1976 „ „ , J . 

N. H. Kemp. R. G. Root. P. K S Wu.. G E Caledonia, and A 
N. Pitri May 1976 127 r> lets 
(Contract NAS3- 19695) 

(NASA-CR- 135 127: PSI-TR-531 Avail: NTIS 

HC A07/MF A01 CSCL 2 1C 

CW laser heated rocket propulsion was investigated m both 
the flowing core and stationary coie configurations. The loser 
radiation considotod was 10.6 micromotors, and the working 
gas was unsoeded hydrogen. The areas investigated included 
initiation of a hydrogen plasma capable of absoibmg laser radiation. 
Rib radiation emission properties of hot. lomred hydrogen, the 
flow of hot hydrogen while absoibing and radiating, the heat 
tosses from the gas and tho rocket performance. The stationary 
core configuration was investigated qualitatively and somi- 
quentitatively It was found that tho flowing coin lockets can 
have specific impulses between 1,500 and 3,300 sec. They are 
small devices, whoso healing zone is only a millimeter to a few 
centimeters long, and millimeiore to centimeters in radius, for 
laser pa we i levels varying from 10 to 5.000 kW. and pressure 
levels of 3 to 10 atm. Heat protection of the walls is a vital 
necessity, though the fraction of laser power tost to the walls 
can be as low as t0% for larger powers, making tho rackets 
thermally efficient. 


Author 


NH-ITl^fl^f Pratt and Whitnoy Aircraft Group. West Palm 
Baach. Fla. Government Products Div. 

DEVELOPMENT OF SPUTTERED TECHNIQUES FOR 
THRUST CHAMBERS Final Rapoit 


I \M Oi/irh nnrl P 


Unu 


1976 71 p refs 
(Contract NAS3- 17792) 

(NASA- CR- 1 35 1 53: FR-8027) AvbII' NTIS 


HC A04/MF A01 


CSCL 21 H 

Procedures for closing out coolant passages in legenoralively 
cooled thrust chambers by triodo sputtoring. using post and hollow 
Cu-0.15 percent Zr cathodes are described. The effects of 
aluminum composite filler materials, substrate preparation, sputter 
cleaning, substrate bias current density and system geometry 
on cioseout layer bond strength and structure are evaluated. 
High strength closeout layers were sputtered over aluminum fillers. 
The tensile stmngth and microstructuro of continuously sputtered 
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zzztz* ,wire as area ' - * ha --^trz's 

Author 


discharge-chambor components and the incorporation of ron 
machined accelerators in the beam-extraction systems. Perform- 
ance of the optimized modules are summarized. Author 


A«n«ISXj!2. Cl ' eldvne ' Canoga Park. Calif 

AEROSPIKE THRUST CHAMBER PROGRAM Pinal R. nn >t 

J Campbell. Jr. and S M. Cobb Doc ir-> F ”* Report 

I Contract NAS3-20076) 9 167 P ,e,s 

CSc! A 2?H ,35,69: R76 - ,89> ^ NTIS HC A08/MF AO, 

„„ A ”, e " i ® ,l " a - bu * dnmaged. 25.000-pound thrust, flightweight 
OKvaen/hvdroqan aorosoiko rocket thrust chambor was dis 
assembled and partially repaired. A description is presented of 
S ?’ kB h amb T c ®nfiguration and of the damage it had 
offered. Techniques for aerospike thrust chamber repair were 
developed, and are described, covering repair procedures for 
lightwerght tubular nozzles. titanium thrust structures, and copper 
channel combustors. Effort was terminated p„o. co»on 
of the repairs and conduct of a planned hot fire i-_. nrogram 

- - " h Wfl h f ? u " d ,hat ,ho copper all °V walls of many 9 tlm 
thrust chambers 24 combustors had been degraded in strenmh 

?ho doa , redati dUr,na r' h ° '" llial fab,ica,,on ° f < ha ".rust chamber 
The degradation is discussed and traced to a roxcnon batweon 

oxygen and/or oxides d.ffused mto the copper alloy durrng 

“Z” P '° CeSS85 and ,ha hydrogen utilized as a brazing furnace 
atmosphere during ihe initial assembly operation on many of 

looner^nt J " 0 ,ha H2 / 02 '® a «'On wIZ the 

copper alloy are described. Author 


Li<5uid c °- Sacramento. Calif 

M,GM PRess URE ENGINE STUOV FOR 
MIXEO-MODE VEHICLE APPUCATIONS Final Report 

W. P. Luschor and J. A Mellish Jan 1977 319 o iefs 
(Contract NAS3-19727) P 

MASA-CR-13Sl4t) Avail: NTIS HC A14/MF AOt CSCL 

Wni h. l0h p,eSBUro ' lqu,d ongine design, performance, 

weight, envelope, and operat.onal characteristics were evaluated 
for a variety of candidate engines for use in mixed-mode 
single-stago-to-orbit applications Propellant property and 
performance data were obtained for candidate Made 1 feels 
w ich included: RP-1. RJ-5. hydrazine. monamethyl-hydrazine 
and methane The common oxidizer was liquid oxygen. Oxygen. 

® candlda,a Mode 1 fuels, and hydrogen were evaluaied as 
n, h . c coolan,s Oxygen, methane, and hydrogen were 
found to be the most viable cooling candidates Waler. lithium 

we,e alSD ovaluaIed a = auxiliary coolanl 
systems. Water proved to be the best of ihose. but the system 
heavier than those systems which cooled wilh the engine 
propellants. Engine weight and envelope parametric dale were 

noiic!' St !f d f °' caod,da,B Mode '• Mode 2 - a ” d dual-foci engines 

canH,H», d n' a '. n0 , Pt ’ rfO ' manCe da,a we,a also calculated for all 
candidate Mode 1 and dual-lucl engines Author 


N . 7 , 7 ' 21 r,l 90 *^ Hughos Research Labs.. Malibu. Calif. Debt 
of Ion Physics M 

THRUST^ 6 cr Af !! o 2 5 kW ADVANC EO TECHNOLOGY ION 
THRUSTER Fine! Report, 27 May 1975 - 26 Sep 1976 

R L Poeschel Feb. 1977 135 p refs 
(Contract NAS3-19703) 

WASA-CR-135163) Avail: NTIS HC A07/MF A01 CSCL 

Investigations for improving ion thruster components in the 
30 cm engineering model thruster (EMT) resulted in the 
demonstration of useful techniques for grid shod removal and 
discharge chamber erosion monitoring, eslablishmen! of re- 
lationships between double ion production and thruster operatinq 
parameters, verification of satisfactory specifications on porous 
tungsten varporizer material and barium impregnated porous 
tungsten inserts demonstration of a new hollow cathode 
configuration, and specification of magnetic circuit requirements 
for reproducing desired magnetic mappings The capacity of a 

(h?nh m EMT 0pa,atB at h '9 har bBam voltages and currents 
(higher power) was determined Operation at 2 A beam current 
and higher beam voltage is shown to be essentially equivalent 
to operation at 1 1 kV with regard to efficiency, lifetime and 
operating conditions. The only additional loquitemont is an 
improvement in high voltage insulation and propellant isolator 
capacity. Operation at minimum voltage pnd higher beam currents 
is shown to increase thruster discharge chamber erosion in 
^i P ^ f j'° n ,0 , beam cu,,em Studies to find alternatives to 
molybdenum for manufacturing ion optics grids are also 
reported. , .. 

Author 


N77-23192*# Hughes Research labs . Malibu Calif 

™" USTE " x 

J. Hyman. Jr. and C R Dulgeroff Nov 1976 74 o refs 
(Contract NAS3-19691I 

(NASA-CR- 1 34667) Avail NTIS HC A04/MF A01 CSCL 

A modularized ion thruster system was developed for 
space-propulsion applications Separate discharge chamber 
modules (DCMs) were optimized for operation at the thrust levels 
of T - 0,5 mlb and T 2 mlb to accommodate the extended 
'hrust range. Those optimizations included modifications in the 


im-M’BS-# flocketdyne. Canoga Park. Calif 

W76 " Jun* 1976 HOCK ET ™ RUSTER «""■ R-P™. Jun. 
J- M Shoji 12 Apr. 1977 187 p refs 
IContract NAS3- 19728) 

CSCL A 21H ,35128; H76 ' 104> Avail; NT,S H C A09/MF A01 

A space vehicle application using 5.000-kw input laser power 

7o kw°n n r"’ , '" V 8Va ' Ua,sd ' A de,ailod dB5i 0 n evaluation of a 
10;kw experimental thruster including plasma size, chamber size 

rmLii pa,,ormonce analyses, was performed for 50 psia 
chamber pressure and using hydiogen as a propallant The 10-kw 
hardware fabneated included a water cooled chamber an unc^!^ 
coppe chamber, an in ( ector. igniters, and a thrust stand. A 10-kw 
optical tram was designed. Author 


Ph”;cs B otp*. # HUBheS ReSearCh Labs " Mallbu - C 011 ' 'an 

FABRICATION ANO VERIFICATION TESTING OF ETM 

;s,r sictw tH " usTsas — >2 * « «" 

C. Collett Apr 1977 284 p refs 
i Contract NAS3- 17803) 

(NASA-Cfl-135193) Avail: NTIS HC A13/MF AOI CSCL 

ln, fh E rnnn 0, "L 9 o^ do1 deS ' 9ns and a « B P‘ B "«> tests are described 
or the POO and 900 series 30 cm electron bombardment Ihrustors 
Modifications to the test console for a 1000 hr venfreauon test 
were made The 10.000 hr endurance test of the S/N 701 
thruster is descri. nrf. and post test analysis results aie included, 

Author 


J”'?* 22 , 1 ’ Rockatdyno. Canoga Park. Calif. 

n° V AW ^ ED ™" U *J CHAMBER TECHNOLOGY Final 
fwport. Jan. 1974 - Aug. 1979 

298 C p V mfs H ' E ‘ Ma,ker - Bnd P C Dannies 5 Jul. 1977 
IContract NAS3- 17825) 

(NASA.CR-135221; R76-116) Avail: Issuing Activity CSCL 

hieh B ™J Mhn0,09V was davBlo P Bd f °' « high performance. 
rtSIS 0 ' 3t, ° no " lB ' liquid hydrogen cooled thru.t 

chamber assembly for a staged combustion cycle rocker engine 
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Ttw components required tor high area ratio thrust chamber 
assembly (400:1). including injector, combustor. 175.1 ares ratio 
intermediate noiile end dump cooled. 400: 1 noxile ware designed, 
fabricated and tested. Testing at area ratios of 175: 1 and 400: 1 
was conducted at simulated altitude conditions utilising a sett 
pumping diffuser and a gaseous nitrogen ejector; tests at 6; 1 
•tea ratio were at sea level conditions, OiBuser/ejector operation 
waa successful at 176:1 but inadequate start mergln at 400:1 
area retlo resulted In a non-pumping condition. Specific impulse 
performance was obtained for 8:1 and 175:1 area ratio testing 
end met analytical predictions. Projections to higher aroe ratios 
also met analytical predictions. Author 




N77 31240*# Colorado State Univ., Port Collins. Dept, of 
Mechanical Engineering. 

MULTIPOLE BAS THRUSTER DESIGN Ph D. Premia 
Gerald C. Isaacson Jon. 1977 117 p refs 
(Grant NsG-3011) 

(NASA-CH- 138101) Avail: NTfS HC A06/MF AOt CSCL 


The development of a low field strength multipole thruster 
operating on both argon and senon is described. Experimental 
resulla ware obtained with a 15 cm diameter multipole thruster 
and are presented for a wtdo range of discharge-chamber 
configurations. Minimum discharge tosses were 300-350 eV/lon 

.h°°^ S ° *y? n ter Mmon Ion. beam fiatnesa 
OSS^i 0 oa T ° f * h ® 9rid ranged from 

££LtL 0 w 3 J ** * P' 0Ml, ; n,s ' Thruster performance re 
coriMttd for a ringt of ion chamber sties and opsratino 

•* " a11 »» propellent type and accelerator system 
diameter ion soume designed and built 
* nd ‘tiooiv presented here-in is shown capable 
M i < ?" 0S Bnd fl « ion- boa m profiles without 

" ,dlc * , “ ,h « bv using the low field strength 

Infa^o***"* r" “ fl,neral PPrfo'roance correlation 
Information provided herein. It should bo possible to raoidtv 
iranslale initial performance specifications into easily fabiicated 
higli performance prototypes. Author 


A77-12678 * Multipurpose insulation system for a radio- 

isotope fooled Mini-Brayton Heat Source Assembly. P. Allur, W. 
Saylor. G. Schmidt, end D. Welti (General Electric Co., Space Div., 
Valloy Forgo, Pa.), In: Intorsociety Energy Conversion Engineering 
Conference, 1 1th, State Lino, Nov., September 12 17. 1976, Proceed- 
ings. Volume I, (A77- 12662 02-44) Now York. American Institute 
of Chemical Engineers, 1976. p, 208-215. 6 refs. Contract No. 
NAS3-1 854 1 , 

The Mlni-Broytan Hoot Source Assembly (HSA) consists of a 
radioisotope fueled heat source, a heat exchanger, a multifoil thermal 
insulation blanket, end a hermetically sealed housing. The thermal 
insulation blanket is a multilayer wrap o( thin metal toil separated by 
a sparsely coated oxide. The objectives ol the insulation blanket are 
related to the effective insulation of the HSA during operation, the 
transfer of tho lull thermal inventory to the housing when the 
primary coolant is not flowing, and the transfer of the fir’.; thermal 
inventory to tho housing in tho event of n (low stoppage of thd 
primary coolont. A description is given of tho fipproachos which have 
been developed to make it possible for the insulation blanket to meet 
these requirements, G.ft. 


A77-13000 * • A doubly charged ion model for ion IhrusUrs- 
H. fl. Peters, P, J. Wilbur (Colorado State University, Fort Collins, 
Colo.), and R. P. Vahtunkamp (Hughes Research Laboratories, 
Malibu, Calif.L American Institute of Aeronautics and Astronautics. 
International Electric Propulsion Conference, Key Biscayne, Fla., 
Nov. 14-17, 1976. Patter 76-iOIO. 12 p. t4 refs. Grant No. 
NGR-06-002-1 12; Contract No. NAS3-19703. 

A theoretical equilibrium model of doubly charged ion produc- 
tion and loss processes in electron bombardment ion thrusters is 
presented. The model Is shown to predict double ion density levels 
accurately for 15 and 30 cm diamuter thrusters operating with 


several different grid sets and at several different power lewis. The 
modol indicates tho dominant mechanism of double ion production 
involves tho singly charged ground state. This result is used to 
develop a much simpler modol which, along with correlations of the 
average plasma properties, can bo used tb determine the double ion 
density in thrusters with acceptable accuracy, (Author! 


A77-13012 * /• Cloaranco of short circuited ion optics etrre- 
trodts by capacitive discharge. R. L. Poeschel (Hughes Research 
Laboratories, Malibu, Calif.). American Institute of Aeronautics and 
Astronautics, International Electric Propulsion Conference. Key 
Biscayne, Flo., Nov. 14-17. 1976, Paper 76-1031. 13 p. Contr act No. 
NAS3- 19703, 

The ion optics electrodes ol low specific impulse (3000 sec) 
mercury electron bombardment Ion thrustois ate vulnerable to’ short 
circuits by virtue of their relatively small interelectrode spacing (0.5 
mm). Motatlic (lakes from backsputterod deposits aie tbo most 
probable cause of such 'shorts’ and 'typical' (lakes have been 
simulated hero using refractory wire that has n representative, but 
controllable, cross section. Shorting wires can be removed by 
capacitive dischaige without significant damage to the electrodes, 
This paper describes an evaluation of 'short' removal versus electrode 
damage for several combinations of capacitor voltage, stored energy, 
and lhort circuit conditions, (Author) 


A77-1S088 * a Development of a 30 cm ion thruster thermit- 
vacuum power processor. B. G. Herron (Huglros Research 
Laboratories, Malibu, Calif.). American Institute of Aeronautics and 
Astronautics. International Electric Propulsion Conference, Key 
Biscayne. Fla., Nov. 14-17. 1976, Paper 76 991. 7 p. 7 rots. Contract 
No. NAS3 17223. 

Tire 30cm Hg electron -bombardment ion thruster presently 
under development has reached engineering model status and is 
generally accepted as lire prime propulsion thruster module to tie 
used on tire uailiest solar electric propulsion missions. This paper 
presents the results ol a related program to develop a transistorized 
3 kw Thermal-Vacuum Breadboard (TVBB1 Power Processor lor this 
thruster. Emphasized in the papoi ate the implemented electrical and 
mechanical designs as well as the resultant system performance 
achieved over a range, of test conditions. In addition, design 
modifications affording improved performance are identified and 
discussed. (Author) 


A77-15091 * ■■ Evolution atrd status of the 30cm engineering 
modol ion thruster. T. D. Masek, R, L. Poeschel. C, R. Collett, and D. 
E. Schnelkcr (Hughes Research Laboratories, Malibu, Calif.). 
American Institute of Aeronautics and Astronautics, International 
Electric Propulsion Conference. Key Biscayne, Fla., Nov. 14-17, 
1976, Paper 76- 1006. 16 p. 27 tels. Contracts No. NAS314I40, No, 
NAS3- 15523) No. NAS3-16928, No. NAS3-IG949: No. NAS3- 
17803; No. NAS3- 19703. 

In the past five years the 30 cm Ion thruster has developed from 
infancy to maturity through the joint efforts of the NASA Lewis 
Research Center (LeRC) and the Hughes Research Laboratories 
(HRL). The evolution of the 30 cut thruster from tho 200-scrras 
dosigir to the present 900'Series is described. This evolution has 
included both hre.Kflxiard and enoitiricrinn model type thrusters Tho 
evolution description includes functional requirements, design, per- 
formance, endurance test results, and major features. The major part 
of the discussion centers on Hughes-built hardware although NASA 
LeRC contributions ate redacted in thu designs. (Author) 


A77-16092 * « High power operation of a 30-cm mercury 
bombardment ion thruster. R. L. Poeschel arid R. P. Vahronkamp 
(Hughes Research Laboratories, Malibu. CatiU. American Inttftote 
of Aeronautics and Astronai/tics Internationa! Electric Propulsion 
Conference, Key Biscayne. Fla.. Nov. 14 17, 1976, Patter 76-1007 7 
p. 7 refs. Contract No, NAS3 1 9703. 


The nominal input power of a 3(Lcm mercury bombardment ion 
thruster is 2.5 kW. A representative 30cm thruster has been operated 
at higher power levels by increasing either the ion beam voltage or 
current. Initial results indicate that higher voltage (high specific 
impulse) operation requires only minor modifications In thruster 
design. Higher currant (low specific impulse) operation, on the other 
hand, requires improvements in the capabilities of the discharge 
chamber and ion optics assembly designs to meet lifetime and/or 
performance specifications. Experimental data is presented and 
considerations for high power operation (up to 10 kW) are discussed. 

(Author) 


A77-15095 * // A 10,000 hour endurance test of • 700 series 
30 cm engineering model thruster. C. R. Collett and ft. L. Poeschel 
(Hughes Researc .aboratories, Malibu, Calif.}. American Institute 
of Aeronautics and Astronautics, International Electric Propulsion 
Conference. Key Biscayne, Fla., Nov. 14-17, 1976. Paper 76-1019. 9 
p. Contracts No. NAS3-15523; No. NAS3-17803. 

This paper describes a 10,000 hour test of the first engineering 
model of the 30-cm ion thruster which is expected to form the basis 
of future prime propulsion systems. This test demonstrated the 
lifetime capability of such critical components as cathodes, 
vaporizers, isolators, and optics. The results of the test are described 
including the conclusions derived from an extensive post-test analysis 
of the thruster. This test did identify a major life limiting problem - 
discharge chamber erosion. The modifications which have been 
incorporated in the 900 series 30-cm ion thrusters to minimize this 
problem are described. (Author) 


A77-15100 * // Characteristics of a 30-cm thruster operated 
with small hole accelerator grid ion optics. R. P. Vahrenkamp 
(Hughes Research Laboratories, Malibu, Calif.). American Institute 
of Aeronautics and Astronautics, International Electric Propulsion 
Conference, Key Biscayne, Fla., Nov. 14-17. 1976, Paper 76-1030. 8 
p. 12 refs. Contract No, NAS3-19703. 

Small hole accelerator grid ion optical systems have been tested 
as a possible means of Improving 30-cm ion thruster performance. 
The effects of small hole grids on the critical aspects of thruster 
operation including discharge chamber performance, doubly-charged 
ion concentration, effluent beam characteristics, and plasma proper- 
ties have been eveluated. In general, small hole accelerator grids are 
beneficial in improving thruster performance while maintaining low 
double ion ratios. However, extremely small accelerator aperture 
diameters tend to degrade beam divergence characteristics. A 
quantitative discussion of these advantages and disadvantages of 
small hole accelerator grids, as well as resulting variations in thruster 
operation characteristics, is presented. (Author) 


A77-15105 • # Performance and heat transfer characteristics 
of the laser-heated rocket - A future spaco transportation system. J. 
M. Shoji and V. R. Larson (Rockwell International Corp., Rocket- 
dyne Div., Canoga Park, Calif.), American Institute of Aeronautics 
and Astronautics, International Electric Propulsion Conference, Key 
Biscayne, Fla.. Nov. 14-17. 1976. Paper 76-1044. 34 p. Contract No. 
NAS3-19728. 

The application of advanced liquid-bipropellant rocket engine 
analysis techniques has been utilized for prediction of the potential 
delivered performance and the design of thruster wall coaling 
schemes for laser-heated rocket thrusters. Delivered specific impulse 
values greater than 1000 Ibf-sec/lbm are potentially achievable based 
on calculations for thrusters designed for 10-kW and 5000-kW laser 
beam power levels. A thruster wall-cooling technique utilizing a 
combination of regenerative cooling and a carbon-seeded hydrogen 
boundary layer is presented. The flowing carbon-seeded hydrogen 
boundary layer provides radiation absorption of the heat radiated 
from the high-temperature plasma. Also described is a farced 
convection thruster wall cooling design for an experimental test 
thruster. (Author) 


A77-151Q6 * H Ion thruster design and analysis. S. Kami and 
0. E. Schnelker (Hughes Research Laboratories, Malibu, Calif.). 
American Institute of Aeronautics and Astronautics. International 
Electric Propulsion Conference. Key Biscayne. Fla., Nov. 14-17, 
1976. Paper 76-1048. 1 1 p. 16 refs. Contracts No. NAS3-17803; No. 
NAS3-18917. 

Questions concerning the mechanical design of a thruster are 
considered, taking into account differences in the design of an 8-cm 
and a 3D-cm model. The components of a thruster include the 
thruster shell assembly, the ion extraction electrode assembly, the 
cathode isolator vaporizer assembly, the neutralizer isolator vaporizer 
assembly, ground screen and mask, and the main isolator vaporizer 
assembly. Attention is given to the materials used in thruster 
fabrication, the advanced manufacturing methods used, details of 
thruster performance, an evaluation of thruster life, structural and 
thermal design considerations, and questions of reliability and 
quality assurance. q r 


A77-15107 * Modularized ion thruster development. J. 

Hyman, Jr. and C. R. Dulgeroff (Hughes Research Laboratories, 
Malibu. Calif.). American Institute of Aeronautics and Astronautics, 
International Electric Propulsion Conference, Key Biscayne, Fla., 
Nov. 14-17. 1976. Paper 76-1049. 8 p. 6 refs. Contract No. 
NAS3-19691. 

A family of mercury ion thruster modules has been developed 
which extends the basic design of the Hughes-developed 1-mlb 
Engineering Model Thruster to accommodate the extended thrust 
range from 0.5 mlb to 4 mtb. In the subject program, separate 
Discharge Chamber Modules (DCM's) have been optimized for 
operation at nominal thrust levels T - 0.5 mlb and 2 mlb; DCM 
optimization is continuing at thrust level T = 4 mlb. Performance 
optimization required modification of the beam-extraction system 
and of discharge-chamber components; however, the cathodes and 
mechanical structure are unchanged from the Engineering Model 
design. Performance data on the optimized modules are given. 

(Author) 


A77-15111 * // Development of an 8-cm engineering model 
thruster system. 8. G. Herron, J. Hyman, Jr., and D. J. Hopper 
(Hughes Research Laboratories, Malibu, Calif.). American Institute 
of Aeronautics and Astronautics. International Electric Propulsion 
Conference, Key Biscayne, Fla., Nov. 14-17, 1976, Paper 76-1058. 
12 p. 10 refs. Contract No. NAS3-18917. 

Electric propulsion has been shown to offer major advantages 
over the techniques currently employed for the control of earth 
satellites. For a user to realize these advantages, however, requires 
the availability of a proven, operationally flight-ready propulsion 
system. Currently an Engineering Model of an 8-cm ion thruster 
propulsion system is under development. The system includes the 
thruster unit with its associated reservoir, thruster gimbaling sub- 
system, and power processing unit. This paper describes the EM 
System with special emphasis on hardware desist and system 
performance. (Author) 


A77-4U971 * Arc discharge supply component pro taction 

drrjitry. A. F. Ahrens and G. I. Cardwell (Hughes Aircraft Co.. 
Space and Communications Group, El Segundo, Calif.). In: Power 
Electronics Specialists Conference, Cleveland, Ohio, June 8-10, 1976, 
Record. (A77-40951 19-33) New York, Institute of Electrical and 
Electronics Engineers. Inc.. 1976, p. 326-333. Contract No. NAS3- 
17223. 

In a mercury-bombardment ion engine, the discharge supply is a 
high-current low-voltage one that maintains an arc or discharge inside 
the engine. In a 30-cm engine the supply provides up to 45 volts at 
about 13 amperes and is referenced at approximately 1100 volts 
above ground. Due to the engine discharge characteristics, a very 

slow feedback control loop is required. A high-speed current limit 
must be used to protect the components in the power conditioner, t 


pulse-width-modulated bridge invortor. A high-speed cyclo-by-cycle 
current-limit circuit which allows the inverter to continue running In 
an overcurrent condition is used to protect it. The high-speed current 
sensing allows the Inverter to be turned ofl each half cycle before the 
current in the primary of the inverter exceeds a safe level. This 
permits the Invortor to continue to provide current into a discharge 
or a fault condition, until the feedback control system can actively 
control the current. (Author) 


A77-41993 • ff Linear aarotplke engine, F, M. Kirby and A. 
Martinez {Rockwell International Corp., Rocketdyne Div., Canoga 
Park. Calif,), American Institute of Aeronautics and Astronautics and 
Society of Automotive Engineers, Propulsion Conference, t3th, 
Orlando, Fla.. July IJ-tj, 1977, AIAA Paper 77-968. 20 p. Contract 
No. NAS3-20114. 

A description is presented of a dual-fuel modular split- 
combustor linear aerospiko engine concept. The considered engine 
represents an approach to an integrated engine for a reusable 
singlo-stago-to-orbit ISSTO) vehicle. The engine burns two fuels 
(hydrogen end a hydrocarbon) with oxygen in separate combustors. 
Combustion gases expand on a linoar aerospike nozzle. An engine 
preliminary design is discussed. Attention is given to the evaluation 
process for selecting the optimum number of modules or divisions of 

the engine, aspects ol cooling and power cycle balance, and details nf 
engine operation, 


A77-48732* Cell-level battery charge/disdtarge protection 

system. R. L. Donovan and M. S, Imamura (Martin Marietta 
Aerospace, Donvor, Colo.). In: Intersocioty Energy Conversion 
Engineering Conference. 12th. Washington, D.C., August 2B- 
September 2, 1977. Proceedings. Volume 1. (A77-4B701 23-44) La 
Grange Park. III.. American Nuclear Society, Inc., 1977, p, 302-310, 
Contract No. NAS3- 19432. 

Tha paper describes three design approaches to individual cell 
monitoring and control for sealed secondary battery colls. One 
technique involves a modular strop-on single ceil protector which 
contains all the electronics required for monitoring coll voltage, 
responding to external commands, and forming a bvposs circuit for 
the celt. A second technique, the multiplexed cell protector, uses 
common circuitry to monitor and control oach cell in a battery pack. 
The third technique, the computerized coll protoctor, by replucing 
the hard-wired logic of the multiplexed celt protector with a 
microprocessor, achieves greatest control flexibility and inherent 
computational capability with a minimum parts count Implementa- 
tion, M.L. 


A77-49733 * Cycle life characteristics of sealed lihrer-zinc 

cell with inorganic separator. J. VI. Lear and M. S. Imamura (Martin 
Marietta Aerospace. Oenvor, Colo.). In: Intersocioty Energy Conver- 
sion Engineering Conference, 12th, Washington, D.C., August 28- 
Septomber 2, 1977, Proceedings. Volume 1, (A77-48701 2344) La 
Grange Park, tit., American Nuclear Society, Inc., 1977, p. 311-318. 
Contract No. NAS3- 19432. 

Two batteries containing 18 colls have been cycling in a 
simulated synchronous (24-hour) orbit for over a year at 40% depth 
of discharge at 22 C. One battery is under individual cell monitoring 
and control and the other battery is controlled at the battery level. 
The battery with individual coll monitoring end protection has 
performed over 350 cycles with no sign of failure The battery 
without individual cell protection failed at 270 cycles from failure to 
remain above the specified minimum discharge voltage. A significant 
conclusion is that the sealed Ag-Zn colls manufactured with the 
inorganic separator material have demonstrated their capability to 
cycla at a fairly high depth of dischaige and 3to worthy of 
consideration in short life synchronous orbit applications. (Author) 
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23 CHEMISTRY AND MATERIALS 
(GENERAL) 

Includes biochemistry and organic chemistry. 


N77-16093*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 

THE NATURE OF SURFACES AND THEIR INFLUENCE IN 
WEAR MECHANISMS 

Donald H. Buckley [1976] 23 p rels To be presented at the 
Automotive Engineering Conf.. Detroit. 28 Feb, - 4 Mar. 1977: 
sponsored by the Soc of Automotive Engineers 
(NASA-TM-X-73S161 Avail: NTIS HC A02/MF A01 CSCL 
1 1 G 

The wear ol materials is strongly dependent upon the nature 
of the solid surfaces in contact, their 'properties and the netura 
of their films Oxide films, orientation, crystal transformations, 
adhesive binding, crystal structure, hardness, and the presence 
of alloying agents are all shown to affect one or more of the 
forms of wear The three most common forms of wee- 
adhesive, abrasive, and corrosive, are discussed in terms of 'by- 
way each is affected by various material properties. Resut s 
presented indicate how wear can be optimired by cancel n foi 
properties of materials. AuthO' 


N77-32242*# National Aeronautics Slid Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

A HIGH PRESSURE MODULATED MOLECULAR REAM 
MASS SPECTROMETRIC SAMPUNO SYSTEM 

Carl A. Steams. Fred J. Kohl. George C. Fryburg. and Robert A. 
Miller Jul. 1977 57 p refs 

(NASA-TM-73720; E-9270) Avail: NTIS HC A04/MF A01 
CSCL 07D 

The current state of understanding of free-iet high pressure 
sampling js critically reviewed end modifications of certain 
theoretical and empirical considerations are presented. A high 
pressure, frae-jet expansion, modulated molecular beam, mass 
specirometric sampling apparatus was constructed end this 
apparatus is described in detail. Experimental studies have 
demonstrated that the apparatus can be used to sample high 
temperature systems at pressures up to one atmosphere. 
Condensible high temperature gaseous species htva been routinely 
sampled end the mass s pact ro metric detector hie provided direct 
identification of sampled species. System sensitivity is (tetter 
than one tenth of a part per million. Experimental results obtained 
with argon and nitrogen beams are presented and compered to 
theoretical predictions. These results end the respective compari- 
son are taken to indicate acceptable performance of the sampling 
apparatus. Results era also given for two groups of experiments 
related to hot corrosion studies. The formstion of gaseous 
sodium sulfate in doped methane-oxygen flames was characterized 
end the oxidative vaporization of metals was studiad in an 
atmospheric pressure flowing gas system to which gaseous salt 
penial pressures were added. Author 


N77-25249*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

ION-BEAM TECHNOLOGY AND APPLICATIONS 

Wayne R. Hudson. Ronald R. Robson, and James S. Sovey 
Washington May 1977 37 p refs 

(NASA-TM-X-3517: E-8910) Avail: NTIS HC A03/MF A01 
CSCL 20L 

ion propulsion research and development yields a mature 
Technology that is transferable to a wide range of nonpropulsive 
applications, including terrestrial and space manufacturing A 
xenon ion source was used for an investigation into potential 
ion-beam applications The results of cathode tests and discharge- 
chamber experiments are presented. A series of experiments 
encompassing a wide range of potential applications is discussed. 
Two types of processes, sputter deposition, and erosion were 
studied. Some of the potential applications are thin-film Teflon 
capacitor fabrication, lubrication applications, ion-beam cleaning 
and polishing, and surface texturing. Author 


N77-29222’# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

ELECTROCHEMICAL BEHAVIOR OF 0.2 TO 3 MOLAR 
FERROUS CHLORIDE-FERRIC CHLORIDE MIXTURES ON 
EOGE-ON PYROLYTIC GRAPHITE ROTATED DISK ELEC- 
TRODES 

Riley 0, Miller Jul. 1977 12 p refs 
(Contract E(49-28)-1022) 

(NASA-TM-X-73716: ERDA/NASA-5022-77/2: 6-9199) Avail: 
NTIS HC A02/MF A01 CSCL 07C 

Potentiostatic determinations in various mixtures of FeCI2- 
Fe03 with excess Ha show rest potentials that are 0.1 V less 
electropositive than the theoretical values from the formulated 
ratios of Fall to Felll (probably as a result of complexing). Tha 
standard rata constant sub s. ranges between 00001 and 
0.000 cm/ sec, Tefal slopes b of roughly 0. 1 2V par decade indicate 
single-electron exchange kinetics. No significant trend in either 
b or sub s was attributed to mixture composition. The higher 
sub a. values occurred with and edge-on pyrolytic graphite that 
had undergone a permanent surface change. Author 


N7T-R2244*| National Aeronautics and Space Administration. 
Lewis Research Center. Qeveland. Ohio. . 

CATALYTIC TRI MERIZATtON OP AMJJWW • 

AND TRIAYL-e-TRIAZINE RIND CRO^UNKID HIGH 
TEMPERATURE RE META NT POLYMER* AND COPOLY- 
MERS MADE THERERY Pate* Application 
li-Chen Hsu. inventor (to NASA) Filed 12 Mey 1977 46 p 
(NASA-Case-LEW-1 2053-2; US-Patent-Appl-SN-7962e3) Avail: 
NTIS HCA03/MFA01 CSCL 07C 

Ttiazine compounds and cross-linkod polymer compositions 
are made by heating aromatic nitriles to 8 temperature in the 
range of from about 1 00 C to about 700 C, and preferably in 
the range of from about 200 C to about 350 C in the presence 
of a catalyst or mixture of catalysts selected from one or more 
of the following groups: <A) organic sulfonic and sulfinic acids. 
(B) organic phosphonic and phosphjnic acids, and (C) metallic 
acetyl aceto nates, at a pressure in tha range of from about 
atmospheric pressure to about 10,000 psi. and preferably in the 
range of from about 200 psi to about 750 psi- Aromatic 
nitrite* modified terminated and/or appended) imide, benzimida- 
zole, imldazopyrrolone, quinoxalino. and other condensation type 
prepolymers or their precopolymers are made which are trtmeraed 
with or without a filler by the aforementioned catalytic trimerization 
process into triaryl-s-triazine ring containing cross -linked polymeric 
or copolymeric products useful in applications requiring high 
thermal-oxidative stability and high performance structural 
nmrwrtinn ai elevated temoeratures. NASA 


A77-44569 * » Summary of NASA research on thermal* 
barrier coatings. F. S. Stepka, C. H. Liebert, and S. Stecura {NASA, 
Lewis Research Center, Cleveland. Ohio). Society of Automotive 
Engineers, International Automotive Engineering Congress and Expo- 
sition, Detroit, Mich.. Feb. 28-Mar . 4. 1977, Paper . 27 p. 9 refs. 

This paper summarizes the work conducted at the NASA Lewis 
Research Center to evolve and evaluate a two-layer, thermal-barrier 
coating system. A durable, two layer, plasma-sprayed coating con- 
sisting of a ceramic layer over a metallic layer was developed that has 
the potential of insulating hot engine parts and thereby reducing 
metal temperatures and coolant flow requirements and/or permitting 
use of less costly and complex cooling configurations and materials. 
The investigations evaluated the reflective and msulatiVe capability, 
microstructure, and durability of several coating materials on flat 


metal specimens, a combustor liner, and turbine vanes and blades. In 
addition, the effect on the aerodynamic peitormance of a coated 
turbine vane was measured. The tests were conducted in furnaces, 
cascades hot-gas rigs, an engine combustor, and a research turbojet' 
engine. Included also are summaries of current research related to the 
coatmg and potential applications lor the coating. (Author) 
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24 COMPOSITE MATERIALS 

Includes laminates. 


N77- 10160*# National Aeronautics and Space Administration. 
Lewis Research Cantor. Cleveland. Ohio. 

NITRILE CROSSUNKEO POLYPHENYL- QU INOX ALINE/ 

GRAPHITE FIBER COMPOSITES 

William B. Alston 1976 20 p refs Presented at the 6th 

Natl. Symp, and Tech, Conf. of the Soc. for '.he Acfvan. of Mater, 
and Process Eng.. Seattle. 12-14 Oct. 1976 Prepared in 
cooperatron with Army Air Mobility R and D Lab.. Cleveland, 
Ohio 

(NASA-TM-X-73458; E-8815) Avail: NTIS HC A02/MF A01 
CSCL 110 

Studies were performed 1o reduce the 600 F thermoplasticity 
of polyphenylquinoxaline (PPQ) matrix rasins by introducing 
crosslinking by the reaction of terminal nitrile groups. Seven 
solvents and solvent mixtures were studied as the crosslinking 
catalysts and used to fabricate crasslinked PPQ/HMS graphite 
tiber composites. The room temperature and 600 F composite 
mechanical properties after short time and prolonged 600 F air 
exposure and the 600 F composite weight loss ware deter- 
mined and compared to those properties of high molecular weight, 
linear PPQ/HMS graphite fiber composites. Author 


^1^1 11118*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

EFFECT OF FIBER DIAMETER AND MATRIX ALLOYS ON 
IMPACT-RESISTANT BORON/ALUMINUM COMPOSITES 

Oavid L McDanels and Robert A, Signorelli Washington Nov. 
1976 36 p refs 

INASA-TN-0-8204: E-86481 Avail: NTIS HC A03/MF A01 
CSCL 110 

Efforts to improve the impact resistance of B/A are reviewed 
and unalyzed. Nonstandard thin-sheet charpy and Izod impact 
tests and standard full-size Charpy impact tests were conducted 
on composites containing unidirectional 0.10mm, 0.14mm, and 
0 20mm diameter boron fibers in 1100. 2024. 5052. and 
6061 Al matrices. Impact failure modes of B/AI are proposed 
in an attempt to describe the mechanism', involved and to provide 
insight for maximizing impact resistance The impact strength of 
B/Al was significantly increased by proper selection of materi- 
als and processing, The use of a ductile matrix and large diameter 
boron fibers gave the highest impact strengths. This combination 
resulted in improved energy absorption through matrix shear 
deformation and multiple tiber breakage. Author 


N77-1 6097*# National Aeronautics and Space Administration 
Lewis Research (.‘enter. Cleveland. Ohio 

SUMMARY OF NASA RESEARCH ON THERMAL-BARRIER 
COATINGS 

I rollers S Stepka. Curt H Liebert. and Stephan Stecura 11977] 
27 p rets Proposed for presentation at the Automotive Enq 
Conf., Detroit, 2B I uli 4 Mar 1977; Sponsored by the SAF 
(NASA TM X-73584) Avail' NTIS HC A03/MF AO! CSCL 
110 

A durable, two-layer, plasma-sprayed coating consisting of 
a coranuc layer over a metallic layer was devoir.;,,-., n.ut has 
the potential of insulating hot engine parts and th. i«\, Huong 
metal temperatures and coolant (tow requirements and/in 
permitting use ol less costly and complox cooling configurations 
and materials The investigations evaluated the reflective arid 
insula live capability, microsliucture. and durability of sever.il 
coating materials on flat metal specimens a combustor l.-noi 
and turbine vanes and blades In addition, the effuci on the 
aerodynamic pcrfotmanco of a coated turbine vane was measured 
l,a tus!s ' v<l,e conducted in furnaces, cascades hot-gas rigs 
an engine combustor, and a research turbojet engine Summaries 
of current research related to the coating and potential applica- 
tions for the coating aie included Author 


DATA SUMMARY. Fatigue tests of uncoaled and zirconia 
thermal-barrier coaled tutbmo vanes and combustor liners, 
variables include cycles-to-failure; coating thickness, loading 
edge well metal temperature, coolam-to-gas flow rate, maximum 
liner temperature, flame radiation, average exhaust gas tempera- 
ture. 6 ftgotns and 1 table include numeric data 


N77-1611S*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, OhiD. 

OXIDATION BEHAVIOR OF NICKEL-CHROMIUM- 
ALUMINUM -YTTRIUM - MAGNESIUM OXIOE AND 

^ro L ^SVT ALUM,NUMVTTR ' UM Z,RCONA T£ 

Isrdor Zaplatynsky Washington Dec 1976 18 p refs 
^SA ; ™-X-3466: E-88341 Avail NTIS HC AQ2/MF A01 

... „ Th ® ’ 100 anti 1200 c evdm oxidation resistance ol dense 
O ‘ M9 °‘ Nf C, - A '- Y - Ca2r03. N.-Cr-AI-Y - SrZr03 
Ni-Cr-AI-Y - MgZro3 cermets and a 70 percent de-se Ni-Cr-AI-Y* 
devaiopmental material was determined. The cermets contained 
60 and SO volume percent of Ni-Cr-AI-Y which formed a matrix 
with the oxide particles imbedded ,n it. The cermets containing 
MgO were superior to cermets based on zirconates and to the 
porous Ni-Cr-AI-Y material. Author 


DATA SUMMARY Cyclic oxidation tests of four cermet 
systems; variables include simple oxide content, element content 
oxidation temperature, specific weight change, number of cycles 
and X-ray diffraction pattern intensities; 2 figures and 3 tables 
include numeric data. r 


N77-17164*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 
ELASTIC PROPERTIES AND FRACTURE STRENGTH OF 
QUASI-ISOTROPIC GRAPHITE/EPOXY COMPOSITES 

T L. Sullivan 1977 16 p rets Presented at Conf. on Composites 
and Advanced Materials. Cocoa Beach. Fla.. 17-19 Jan. 1977; 
sponsored by Am. Ceramic Soc. 

(NASA-TM-X-73592; E-9060) Avail: NTIS HC A02/MF A01 
CSCL 1 1D 

The layups of the studied laminates are (0. r- or • 60) 
sub s, (0. + or - 45. 90) sub s. (0, -t or - 30. + or - 60. 90) 
sub s (0. -I- or - 22 1/2. -r or - 45. + or - 67 1/2. 90) 
sub s. The properties determined were tensile modulus, Poisson's 
ratio, bending stiffness, fracture strength and fracture strain. 
Measured properties and properties predicted using laminate 
theory wore found to be in reasonable agreement. Reasons for 
data scatter were determined Author 

DATA SUMMARY. Measured and predicted elastic properties 
in tension and bending of laminates made from high modulus 
graphite fiber and epoxy plysr the variables include ply properties, 
elastic constants, tensile modulus Poisson's ratio, axial stress, 
strain rate, load angle, ply alignment, fracture strength, and fracture 
strain; 9 figures and 2 tables include numeric data 


» National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio. 

EVALUATION OF FIBER COMPOSITE 
REINFORCEMENT OF TRUCK FRAME RAILS 

James R. Faddou! 1977 22 p Presented at the Congr. and 

Exposition sponsored by the Soc. of Automotive Engineers Detroit 
28 Feb. - 4 Mar 1977 

CSCL^ lo " X ' 73582; E ‘9C*4) Avail: NTIS HC A02/MF A01 

The use of graphite fiber/ resin matrix composite to effectively 
reinforce a standard steal buck frame rail is studied A pre- 
liminary design was made and it was determined that the 
reinforcement weight could be reduced by a factor of 1 0 when 
compared to a steel reinforcement. A section of a 1/3 scale 
reinforced rail was fabricated to demonstrate low cost manufactur- 
ing techniques. The scale rail section was then tested and increased 
stiffness was confirmed. No evidence of composite fatigue was 
found after 500.000 cycles to a fiber stress of 34.000 psi The 
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test specimen failed in bending in a static test at a toad 60 
greater than that predicted for a non-reinforcod mil. 


percent 

Author 


DATA summary static deflection, cyclic stress fatiguo, and 

Waro . p8 '! otn,ed on ’/3 scale steel rail sections 
reinforced by graphuo/ resin caps for Increased stiffness and 
buckling load capability; the variables include frame rail design 
parameters, reinforcement weight, graphite composite thickness 
fiber modulus, moment of inertia, load deflection, and crack 
location and propagation. 6 figures and two tables include numeric 


N7?-t821B*# National Aeronautics and Space Administration 
Lewis Rosea re h Center. Cleveland. Ohio 

MICROSTRUCTURAL AND WEAR PROPERTIES OF 
SPUTTERED CARBIDES AND SUICIDES 

T Spalvins 1977 11 p refs To be presented at the Intern 

Umf on Wear of Materials. St Louis. 25-27 Apr 1977 

r r ^? A .I M X ' 73536 ' E ' 88421 Av3ii NTIS HC A02/MF A01 
vuL l no 


m C f 3C2. Cr3Si2. and MoSi2 wear-resistant films 

10.05 to 3 5 microns thick) wore deposited on metal and glass 
surfaces Electron transmission electron diffraction, and scanning 
electron microscopy wore used to determine the enicrostructuml 
appearance Strong adherence was obtained with these sputtered 
films Internal stresses and dofoct crystallographic grown 
structures of various configurations withm the film have progres- 
sively more undesirable effects tor film thicknesses greater than 
1 5 microns Sliding contact and rolling elomem bearing tests 
wore peiformod with those sputtered films Bearings sputtered 
with a duple* coating (0 I -micron-thick imdorcoating of Cr3Si2 
and subsequently 0 6-nucron coating of MoS2) produced marked 
improvement over straight MoS2 films Author 

DATA SUMMARY Endurance (ivos of 440 C stainless steel, 
ball bearings with sputtered MoS2 films on racos and cage, 
with and without a Cr3Si2 underlayer; variable coefficient of 
friction, applied load, and tost time. 2 figures include numeric 
data 


N77-1B219*# National Aeronautics and Space Administration 
Lewis Research Comer, Cleveland, Ohio 
HYBRID COMPOSITES, STATE-OF-THE-ART REVIEWr 
f^** 1 * 818, °ESIGN, APPLICATION AND FABRICATION 

C C. Charms and R F Lark 1977 54 p refs Presented at 
the 18th Ann Structural Dynamics and Materials Conf. Son 
Diogo. Calif . 21-25 Mar. 1977; cosponsored by tho Am Inst 
of Aoron and Astronautics, the Am Soc. of Moch Enqrs and 
the Soc of Automotivo Engrs 

(hlASA-TM-X-73545. E-8980) Avail: NTIS HC A04/MF AOt 
CSCL 1 1 0 ' 


The areas of constituants and typos of hybrids, analytical 
methods, design methods, applications, and fabrication procedures 
are discussed The review summarizes significant contributions 
in each area and points out areas for further rasaerutv The 
description of oach significant contribution is supplemented with 
pertinent illustrations and references Author 


DATA SUMMARY Hybrid fiber composite laminates for 
structural application; tho Variables include slress-strem diagrams 
fiber volume ratio, density, modulus of elasticity, Poisson s ratio 
ply thickness, laminate composition, fiber compatibility, tonsilo 
strength, fracture toughness, temperature effects, and fabrication 
costs. 3 ) figures and 9 tables 


A laminated filament composite structure, such as an airfoil 
for use in an environment in which it is subjected to both foreign 
object impact and bending is provided with improved leading 
edge protection. At least one fine wire mesh layer Is partially 
bonded within the composite structure along its neutral bending 
atus^A portion of the wire mesh layer extends beyond the neutral 
ending axis and partially around the leading edge where it is 
bonded to the outer periphery of tho primary composite structure 
The wire mesh is clad with a metal such as nickel to provide 
an improved leading edge protective device which is firmly 
anchored within the composite structure Also described is o 
novel method of constructing a composite airfoil so as to 
further minimize the possibility of losing tho leading edge protective 
device duo to dqlamination caused by impact and bending 

Official Gazette of the U S Patent Office 

DATA SUMMARY No numeric date are presented 


N77-19171* Notional Aeronautics ond Space Administration 
Lewis Research Center. Cleveland, Ohio 

METHOD OF MAKING REINFORCED COMPOSITE STRUC- 
TURE Patent 

Lee C McCandless (General Technologies Cotp . Roston Va ) 
and Glenn E Weber, inventors (to NASA) (General Technologies 
Coy Resign. Va.) Issuod 2 Nov 1976 6 p Filed 19 Apr 

1974 Supersedes N76-16181 (14 - 07. p 08171 Sponsored 
by NASA 

(NASA-Case-LEW- 1 26 19- 1 : US-Patent-3 9B9 602 
US-Patom*Appl-SN-4S2424, US-Patem-C!ass-204.9 
JS-Patem-aoss-29-527 2 ; US-Patent-Closs-204- 16 
Ub.Patom-ao S s-2 04 .4 0 ) Avail US Patent Office CSCL 1 1D 
9 . h st, J*" 9 * h "»*el matnx structures are achieved by using 
ZrrnT 9 ^"'Windings Metal matrix materials were 
Olectro-formed on and between the windings to form each new 
layer of the composite structure 

Official Gazette of the U S Patent Office 

DATA SUMMARY, Reinforcing stainless stool wires in nickel 
matneos for cylindrical windings, the variables include wire 

trearitrem Lien!*' V"* 0 ’ n ’ 0U " < " iat0,lals . 'onsite strength, heat 
treatment, electroplating, and machining, 7 figures and 3 tables 


N77-2016S*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

* N0 WEAR BEHAVIOR OF GRAPHITE FIBER 
REINFORCED POLVMIDE COMPOSITES 

Robon L. Fusaro and Harold E Sliney 1977 22 p refs Proposed 
for presentation at tho Ann Lubrication Meeting of tho Am 
Soc. of Lubrication Engr. Montreal. 9-12 May 1977 
CSCL^t U) 73 ^ 3; ^' 88 ' 2 ' Avail NTIS HC A02/MF A01 


The friction and wear rate charactonstics of 50(50 (weight 
percent) graphite fiber polyimido composites were studied by 
sliding metallic hemispherically tipped riders against disks made 
from tho composites. Two difrtmmt polyimides ond two different 
graphite fibers wore evaluated Also studiod were such variables 
as the effect of moisture in an air atmosphere tho effect of 
temperature, and the effect of different sliding speeds. In general, 
wear to the the metallic riders was negligible, and composite 
wear increased at a constant rate as a function of number of 
sliding cycles. Author 


N77-19170* National Aeronautics and Space Administration. 
Lewis Research Canter. Cleveland. Ohio. 

LEADING EOGE PROTECTION FOR COMPOSITE BLADES 
Parent 

James W. BtanHey (G£ Co.. Cincinnati) and Thomas P Irwin, 
inventors (to NASA) (GE Co Cincinnati) Issued B Feb 1977 
6 p Filed 1? Jut. 1975 Sponsored by NASA 
(NASA-Case-LEW- 1 2550- 1 : US-Patont-4.OCI6.999. 
US-Patent-Appt-SN-596905 . US-Patent-Ctass-41 6-224. 
US-Patont-aass-416-230) Avail US Patent Office CSCL 
T 10 


N77-201 M* |(i National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

CONCEPTS FOR THE DEVELOPMENT OF LIGHT-WEIGHT 
COMPOSITE STRUCTURES FOR ROTOR BURST CONTAIN- 
MtNT 

A "!l Ur ^ H “ lmeS 1977 34 p Proposed fut presentation 
at tho NASA Workshop on an Assessment of Technol for Turbojet 
Engine Rotor Failures, Cambridge. Mass, 29-31 Mar 1977 
(NASA TM X-73633; E-9129) Avail NTIS HC A03/MF AOt 
CSCL 110 
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A sat at hypotheses is established as to what variables 
might control the design of a weight-efficient protective device 
A particular experiment for evaluating the hypotheses and 
materials was designed. The design and methods for the analysis 
of results are described. Author 


N77-21 193*0 National Aeronautics end Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

RESIDUAL STRESSES IN BORON /TUNGSTEN AND 
BORON/CARBON FIBERS 

0. R. Bshrendt 1977 9 p refs Presented at 108th Ann. 
Meeting of the Metallurgical Soc. of the Am. Inst, of Mining. 
Metallurgical and Petroleum Engr., Atlanta. 6-10 Mar. 1977 
(NASA-TM-X-736 1 6) Avail: NTIS HC A02/MF A01 CSCL 
11D 

By measuring the change in fracture stress of 203 micrometer 
diameter fibers of boron on tungsten (B/W) as a function of 
fiber diameter as reduced by chemical etching, it is shown that 
the Saws which limit B/|W fiber strength are located at the 
surface and in the tungsten boride core. After etching to a diameter 
of 198 micrometers m virtually all fiber fractures were caused 
by core flaws, the average strength being 4.50 GN/sq m, If 
both the surface and core flaws are removed, the fracture strength, 
limited by flaws in Ihe boron itself, is approximately 
6.89 GN/sq m. This was measured on 8/W fibers which were 
split longitudinally and had their cores removed by chemical 
etching. The longitudinal residual stress distribution was deter- 
mined for 102 micrometer diameter B/W and B/C fibers. 

Author 


N77-23207*# National Aeronautics and Space Administration 
Lewis Research Canter, Cleveland. Ohio 

TECHNIQUES FOR INCREASING BORON FIBER FRAC- 
TURE STRAIN 

J, A. OiCarlo 1977 31 p refs Presented at 106th Ann 

Meeting of the Am Inst of Mining. Metallurgical, and Petroleum 
Engr , Atlanta, Ga, 6-10 Mar 1977 

(NASA-TM-X-/3627. 6-91191 Avail NTIS HC A03/MF AOt 
CSCL 110 

Improvement in thu stratn-to-failure of CVD boron fibers is 
shown possible by contracting the tungsten boride core region 
and its inheient flaws. The rosults of three methods are presented 
in which etching and thermal processing techniques were 
employed to achieve core flaw contiaction by interns! stresses 
available in the boron sheath After commercially and treatment 
induced surface flaws were removed from 203 micrometers (8 mill 
fibers, the core flaw was observed to be essentially the only 
source of fiber fracture Thus, fiber strain-to-failure was found 
to improve by an amount equal io the treatment induced 
contraction on the cote (law Commeicial feasibility considerations 
suggest as the most cost effective technique that method in 
which as-produced fibers are given a rapid heat treatment above 
700 C Preliminary results concerning the contraction kinetics 
and Iracture behavior observed are presented and discussed both 
lor high vacuum and argon gas heat treatment environments. 

Author 


N77-23208'f National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio 

TEN DEG OFF-AXIS TEST FOR SHEAR PROPERTIES IN 
FIBER COMPOSITES 

C C Chamis and J H Sinclair 1977 14 p tots Presented 
at Spring Meeting of the Soc tor Experimental Stress Analysis. 
Dallas, Ten.. 15*20 May 1977 

(NASA TM-X 73550; E 85771 Avail NTIS HC A02/MF A01 
CSCL 1 1D 

A combined theoretical and experimental investigation was 
conducted to assess the suitability of the 10 dog off-axis tensile 
test specimen for the intralaminar shear characterization of 
unidirectional composites. Composite mechanics, a combined- 
stross failure criterion, and a finite variation across the specimen 
width and the relative stress and strain magnitudes at the 10 deg 
plane Strain gages wore used to measure the strain variation 
•cross the specimen width at specimen midlength and near the 


end tabs Specimens from Mod-l/opoxy, T- 300/epoxy, and 
S*g1ass/ epoxy were used in the experimental program it was 
found that the 10 deg off-axis tensile test specimen is suitable 
for intralaminar shear characterization, and it is recommended 
that it should be considered as a possible standard test 
specimen for such a characterization Author 


N77-2 3209*1 Notional Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 

THERMAL DEGRADATION OF THE TENSILE STRENGTH 
OF UNIDIRECTIONAL BORON/ALUMINUM COMPOSITES 

H. H Grimes. R A. Lad. and J E. Maisel 1977 17 p refs 

Presented at Spring Meeting of the Metals Soc of the Am. 
Inst, of Mining. Metallurgical and Petroleum Engrs , Atlanta. Ga 
6-11 Mar. 1977 

( N ASA-TM-X-7 3614, E 9097) Avail: NTIS HC A02/MF A01 
CSCL HD 

The variation of ultimate tensile strength with thermal 
treatment of B-At composite materials and of boron fibers 
chemically removed from these composites in an attempt to 
determine the mechanism of the resulting strength degradation 
was studied. Findings indicate that thermally cycling B At 
represents a more severe condition than equivalent time at 
temperature. Degradation of composite lensile strength from about 

I. 3 GN/m squared to as low as 0 34 GN/m squared was absented 

after 3.000 cycles to 420 C for 203 micrometers B-1100 Al 
composite In general, the 1100 At matrix composites degraded 
somewhat more than the 6061 matrix material studied 
Measurement of fiber strengths confirmed a composite strength 
loss duo to the degradation of fiber strength Microscopy indicated 
a highly flawoa liber surface. Author 


N77-23210*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

ULTRASONIC EVALUATION OF THE STRENGTH OF 
UNIDIRECTIONAL GRAPHITE-POLYIM1DE COMPOSITES 

A Vary and K J Bowles 1977 27 p refs Presented at 
11th Symp on Nondestructive Evaluation. San Antonio. 

20-22 Apr 1977: sponsored by Am Soc. lor Nondestructive 
Testing and Southwest Res Inst 

(NASA-TM-X-73646. E-9153) Avail NTIS HCA03/MFA0I 
CSCL 1 TO 

An acoustic-ultrasonic method is described that was 
successful in ranking unidirectional gtaphite-polyimide composite 
specimens according to variations in interlaminar shear strength 
Using this method, a quantity termed the stress wave factor 
was determined It was found that this factor increases directly 
with interlaminar shear strength The key variables in this 
investigation wero composite density, fiber weight fraction and 
void content The stress wave factor and other ultrasonic factors 
that were studied wero found to provide a powerful means for 
nondestructive evaluation of mechanical strength properties 

Author 


N77-271BB* National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

HYBRID COMPOSITE LAMINATE STRUCTURES Patent 
Christos C Charms and Raymond F Lark, inventors (to NASA) 
Issued 14 Jun. 1977 12 p Piled 24 Sep. 1975 Supersedes 
N75-32180 (13 - 23. p 2886) 

( NASA-Case- LEW- 1 21 18-1: US-Patem 4.029.838: 

U S- Patent- Appl- SN-6 1 6332: US-Patertt-Qass-428-301 : 
US-Potont-Class-42B-328; US-Patent-Class-428'368: 

US- Patent- Class-428-4 18: US-Patent-Class-428-457; 
US-Patont-Class-428-902: US-Petant-Oass-428-91 1) Avail: US 
Patent Office CSCL 1 1 D 

An invention which relates to laminate structures and 
specifically to essentially anisotropic fiber composite laminates 
is described Metal foils are selectively disposed within the 
laminate to produce increased resistance to high velocity impact, 
fracture, surface erosion, and other stresses within the laminate. 

Official Gazette of the U.S. Patent Office 
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, 7*29226*# National Aeronautics and SpBce Administration 
“ " IS Research Center. Cleveland, Ohio. 

X-HAY PHOTO ELECT AON SPECTAOSCOPV STUDY OF 


RADIOFREOUENCY SPUTTEAEO CHROMIUM BROMIDE. 
MOLYBDENUM DIBIUCIDE, AND MOLYBDENUM DISUL- 
FIDE COATINGS AND THEIR FRICTION PROPERTIES 

Donald R. Whealer and William A. Bralnard Washington Aug. 
1977 21 d tafs 

(NASA-TN-D-8482; E-9059) Avail: NTIS HC A02/MF A01 
CSCL 1 1D ' 

Radiofrequancy spunered coatings of CR82. MOSI2. and 
MOS2 ware examined by X-ray photoalectron spectroscopy. The 
effects of sputtering target history, deposition time, RF power 
leva!, and substrate bias on film composition were studied. Friction 
tests were run on RF sputtered surfaces of 440-C steel to correlate 
XPS data with lubricating properties. Significont deviations from 
stoichiometry and high oxide levels for all three compounds were 
releted to target outgassing. The effect of biasing on these two 
factors depended on the compound. Improved stoichiometry 
correlated wall with good friction and wear properties. Author 


N77-3224I*|P national Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio. 

EFFECT OF PROCESSING PARAMETERS ON AUTOCLAVED 
PMR POLYIMIDE COMPOSITES 

Raymond D Vannucci Oct. 1977 16 p refs Presented at 
9th Natl Tech. Conv.. Atlanta. 4-6 Oct. 1977: sponsored by 
Atlanta Chapter of the Soc. for Adv. of Mater and Process 
Eng. 

(NASA-TM-73701: E-9240) Avail. NTtS HC A02/MF AOI 
CSCL 1 1D 

A study was conducted to determine the effect of processing 
parameters on the processability and properties of autoclaved 
fiber reinforced PMR polyimide composites Composites were 
fabricated from commercially available graphite fabric and glass 
fabric PMR polyimide prepreg materials Process parameters 
investigated included degree of resin advancement, heating rale, 
and cure pressure Composites were inspected for porosity by 
ultrasonic C scan and photomicrographic examination. Processing 
characteristics for each set of process parameters and the effect 
of process parameters on composite mechanical properties at 
room temperature end 600 F are described Author 


N77-3224E*jjf National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

SEARING MATERIAL Parent Application 

Herald E. Stiney. inventor (to NASA) Filed 31 Jan. 1977 

28 p 

(NASA-Caie-LEW-1 1930-3: US-Patant-Appl-SN-764245! Avail: 
NTIS HC A03/MF AOI CSCL 11 D 

A composite material is reported that provides low friction 
surfaces for materials in rolling or sliding contact and is 
salf-tubricating and oxidation resistant up to and in excess of 
about 930 C. The composite is comprised of a metal component 
which lands strength and elasticity to the structure, a fluoride 
salt component which provides lubrication, and a glass component 
which not only provides oxidation protection to the metal bur 
may also enhance the lubrication qualities of the composite 

NAS> 


N77-332M‘f National Aeronautics and Space Administration. 
Lawis Research Canter. Cleveland, Ohio. 

ASCENT ADVANCES IN LIGHTWEIGHT. FILAMENT- 
WOUND COMPOSITE PRESSURE VESSEL TECHNOLOGY 

a F Lark 22 Sap. 1977 34 p raft Presented at the 1977 
Energy Ccnf.. Houston. Tax.. 18-23 Sap. 1977: sponsored by 
ASME 

(NASA-TM-73689, E-9239) Avail: NTIS MC A03/MF AOI 
CSCL 1 1D 

A review of recant advances is presented for lightweight, 
high performance composite pressure vassal technology that 
covers the areas of design concepts, fabrication proceduraa. 
application*, and performance of vessel* subjected to tingle cycle 


buret and cyclic fatigue loading. Filament wound fibar/epoxy 
composite vassal* were mad* from S glass, graphite, and Kevlar 
49 fiber* and were equipped with both structure) and nonstructural 
liner*. Pressure vessels structural efficiencies were attained which 
represented weight eavings. using different line's, of 40 to 
60 percent over all titanium pressure vessels. Significant findings 
in each area era summarized. Author 


A77-13033 * H NASA slactric propulsion program. W. R. 
Hudson (NASA, Washington, D.C.) and R. C. Finke (NASA. Lewis 
Research Center, Electric Propulsion Branch. Cleveland. Ohio). 
American Institute of Aeronautics end Astronautics. International 
Electric Propulsion Conference, Key Biscayne. Fla.. Nov. 14-1/. 
1976. Paper 76-1068, 10 p. 18 refs, 

Major portions of the NASA electric propulsion technology 
program have attained the level of maturity required to achieve 
near-term technology readiness for Right missions for primary and 
auxiliary propulsion application. Advanced electric propulsion pro- 
gram elements addressing less immediate requirements are in more 
exploratory stages. This paper will discuss the NASA electric 
propulsion technology program including - planetary and earth orbit 
raising applications, attitude control and stationkeeping of geo- 
synchronous satellites, and the research support program. Objectives, 
requirements, and hardware status are presented for each program. 

(Author) 


7-13034 • it High reliability cathode heaters for ion thrust- 
ers. L. A. Mueller (NASA, Lewis Research Center, Cleveland, Ohio). 
American Institute of Aeronautics and Astronautics, International 
Electric Propulsion Conference, Key Biscayne, Fla.. Nov. 14-17, 
1976. Paper 76-1071. 11 p. 

A number of space missions have been proposed which will 
utilize 30 cm mercury bombardment ion thrusters and also will 
require a large number of thruster restarts. A test program was 
carried out to determine thermal cycle life of several different 
cathode heater designs. Plasma/flame sprayed heaters and swaged 
type heaters were tested. Four of the five plasma/flame sprayed 
heaters tested failed in a comparatively short time. Four tantalum 
swaged heaters that were brazed to the tantalum cathode tube were 
successfully tested and met the goals that were set at the start of the 
test. (Author) 


A77-21619 * Elastic properties and fracture stre n cth of 

quasi-isotropic graphite/epoxy composites. T. L. Sullivan (NASA, 
Lewis Research Center. Cleveland. Ohio). American Ceramic Society, 
Conference on Composites and Advanced Materials. Cocoa Beach, 
Fla., Jan. 17-19, 1977. Paper. 15p. 

A lesearch program is described which was devised to determine 
experimentally the elastic properties in tension and bending of 
quasi isotropic laminates marie from high-modulus graphite fiber and 
epoxy. Four laminate configurations were investigated, and deter- 
minations were made of the tensile modulus, Poisson's ratio, bending 
stiffness, fracture strength, and fracture strain. The measured 
properties are compared with those predicted by laminate theotv, 
reasons for scatter in the experimental data are discussed, and the 
effect of fiber misalignment on predicted elastic tensile properties is 
examined. The results strongly suggest that fiber misalignment in 
combination with variation in fiber volume content is responsible for 
the scatter in both elastic constants and fractuie strength, F.G.M. 
DATA SUMMARY: Diverse data are presented; variables include 
bending stiffness, longitudinal tensile modulus, transverse tensile 
modulus, shear modulus, shear strength, Poisson's ratio, longitudinal 
thermal coefficient of expansion, transverse thermal coefficient of 
expansion, longitudinal tensile strength, transverse compressive 
strength. 


66 


A77-25761 * H Hybrid composites • State-of-the-art review: 
Analysis, design, application and fabrication. C. C. Chamis and R. F. 
Lark (NASA, Lewis Research Center, Cleveland, Ohio). In: Struc- 
tures. Structural Dynamics and Materials Conference, 18th, March 
21-23, 1977, and Aircraft Composites: The Emerging Methodology 
for Structural Assurance, San Diego, Calif., March 24, 25. 1977, 
Technical Paper?. Volume A. (A77-25726 10-39} New York, 
American Institute of Aeronautics and Astronautics, Inc., 1977, p. 
311-331. 53 refs. (AIAA 77-415) 

The review covers hybrid composites, that consist of two or 
more different types of fibers (or fiber composites) in a frequently 
repeated pattern in a laminate. The fibers considered are boron, 
graphite, glass, and Kevlar: the resins considered include mostly 
structural epoxies, with some utilization of polyimides and thermo- 
plastics. The review shows that considerable data have been 
generated for the tensile strength properties, as well as tensile and 
thermal fatigue, of interply hybrids, and for the impact resistance of 
interply and intraply hybrids. The rule of mixtures appears to be 
adequate for predicting longitudinal and transverse mechanical 
properties of unidirectional interpty hybrids, and linear laminate 
theory appears to be adequate for predicting the elastic response of 
hybrids. B.J. 

DATA SUMMARY: Diverse data are presented; variables include 
tensile strength, tensile modulus, compressive strength, compressive 
modulus, floxural strength, flexural modulus, interlaminar shear 
strength, Poisson ratio, ply thickness, and fracture stress. 


A77-3224T * // Residual stresses in boron/tungitsn ant. 
boron/carbon fibers. D. R. Behrendt (NASA, Lewis Research Center, 
Cleveland, Ohio). Metallurgical Society of AIMS, Annual Meeting, 
106th, Atlanta, Ga., Mar. 6-10, 1977, Paper, 8 p. 8 refs. 

Longitudinal residual stress distribution is determined for 
102-micron diam B/W and B/C fibers. The 102-micran diam B/W 
fibers are deposited on a 12.7-micron diam tungsten wire resistively 
heated in a BCI3-H2 reactor. The 102-micron diam B/C fibers are 
made by deposition of boron on a pyrolytic graphite-coated carbon 
fiber. The longitudinal residual stress distribution is calculated from 
measurements of the change in length of the fiber produced by 
removal of the surface through electropolishing, It is found that for 
both >ypes of fibers, the residual stress vary from a compressive stress 


the core frf I ^ bor ° n nBar,he core - Cl «er to 

e core and m the core, significant differences in the residua! 
stresses are observed for the B/W and B/C fibers. S.D 


A77-359b4 * Friction and wear behavior of graphite fiber 

reinforced polyimide composites. R. L. Fusaro and H. E. Sliney 
(NASA. Lewis Research Center, Cleveland, Ohio). American Society 
of Lubrication Engineers, Annual Meeting, 32nd, Montreal, Canada, 
May 9-12, 1977, Preprint 77-AM-6C-1. 7 p. 24 refs. 

The friction and wear rate characteristics of 60/50 (weight per 
cent) graphite fiber-polyimide composites were studied by sliding 
metalife hemispherically tipped riders against disks made from the 
composites. Two different polyimides and two different graphite 
fibers were evaluated. Also studied were such variables as the effect 
of adding 10 percent weight additions of powdered (CF-I.l)n, Cdl2, 
or CdO, the effect of moisture in an air atmosphere, the effect of 
temperature, and the effect of different sliding speeds. In general, 

wear to tire metallic riders was negligible and composite wear 
Increased at a constant rate as a function of number of sliding cycles. 

(Author) 


A77-46521 * A Static behavior and the effects of thermal 
cycling in hybrid laminates. T. M. Liber, I. M. Daniel HIT Research 
Institute, Chicago, III.), and C. C. Chamis (NASA, Lewis Research 
Center, Structures Section. Cleveland, Ohio). In: Discover reinforced 
plastics; Proceedings of the Thirty-second Annual Conference, 
Washington, D.C., February 8-11. 1977. (A77-46505 22-24) New 
York, Society of the Plastics Industry, Inc., 1977, p. 15-D-1 to 


16-D-1 1.8 refs. 

Static stiffness, strength and ultimate strain after thermal 
cycling were Investigated (or graphite/Kevlar 49/epoxy and graph- 
ite/S-glass/epoxy angle-ply laminates. Tensile stress-strain curves to 
failure and uniaxial tensile properties were determined, and theo- 
retical predictions of modulus. Poisson's ratio and ultimate strain, 
based on linear lamination theory, constituent ply properties and 
measured strength, were made. No significant influence on tensile 
stress properties due to stacking sequence variations was observed. In 
general, specimens containing two 0-degree Kevlar or S-glass plies 
were found to behave linearly to failure, while specimens containing 
4 0-degree Kevlar or S-glass plies showed some nonlinear behavior. 

J.M.B. 


A77-46836 * A 10-deg off-axis test for shear properties in 
fiber composites. C. C. Chamis and J. H. Sinclair (NASA, Lewis 
Research Center, Composites Branch, Cleveland, Ohio). Society for 
Experimental Stress Analysis, Spring Meeting, Dallas. Tex. May 
15-20. 1977. Paper. 27 p. 8 refs. 

A combined theoretical and experimental investigation was 
conducted to assess the suitability of the 10-deg off-axis tensile test 
specimen for the intralaminar shear characterization of unidirectional 
composites. Composite mechanics, a combined-stress failure criteri- 
on, and a finite-element analysis were used to determine theoretically 
the stress-strain variation across the specimen width qnd the relative 
stress and strain magnitudes at the 10-deg plane. Strain gages were 
employed to measure the strain variation across the specimen width 
at specimen midlength and near the end tabs. Specimens from 
Mad-l/epoxy. T-300/epoxy, and S-glass/epoxy were used in the 
experimental program. It was found that the 10-deg oil-axis tensile 
test specimen is suitable for intralaminar shear characterization, and 
it is recommended that it should be considered as a possible standard 
test specimen for such a characterization. (Author) 


A77-47965 • it Thermal degradation of the tensile strength of 
unidirectional boron/aluminum composites. H. H, Grimes, R. A. Lad, 
and J. E. Maisel (NASA, Lewis Research Center, Cleveland, Ohio). 
American institute of Mining, Metallurgical and Petroleum Engineers, 
Spring Meeting. Atlanta, Ga.. Mar. 6 1 1, 1977, Paper. 22 p. 8 refs. 

The variation of ultimate tensile strength with thermal treat- 
ment of B-AI composite materials and of boron fibers chemically 
removed from these composites is studied systematically in an 
attempt to determine the mechanism of the resuiting strength 
degradation. The results indicate that thermally cycling of B-AI 
represents a more severe condition than equivalent time at tempera- 
ture. Degradation of composite tensile strength from about 1.3 
GN/sq m to as low as 0.34 GN/sq m was observed after 3000 cycles 
to 420 C for 203-micron B-1 <00 Al composite. In general, the 1 100 
Al-matrix composites degraded somewhat more than the 6061 
matrix material studied. Measurement of fiber strengths confirmed a 
composite strength loss due to the degradation of fiber strength. 
Microscopy indicated a highly flawed fiber surface. On the basis of 
various thermal-cycling studies and electron diffraction analysis, a 
mechanism is favored in which B reacts with Al, freshly exposed by 
cold working during cycling, to form AIB2. The nonuniform 
interface reaction leads to a highly flawed and weakened B fiber. 

(Author) 


N77-11114*# (IT Research Inst.. Chicago. III. 

LAMINATION RESIDUAL STRESSES IN HVSRID COM- 
POSITES, PART 1 Final Report. 1 Jul. 1974 - 29 Feb. 
1972 

I. M. Darnel and T Liber Jun. 1976 16a p refs 
(Contract NAS3-16768) 

INASA-CH-135085; IITRI-D6073-2-Pt-1) Avail: NTIS 

HC AOB/MF A01 CSCL11D 

An experimental investigation was conducted to study lamina- 
tion residual stresses for various material and loading parameters. 
The affects of hybridization on residual stresses and residual 
properties after thermal cycling under load were determined in 
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■ngle-pty graphite/ Kovlor/epoxy and graphiio/S-glaas/epoxy 
latrines Residual strains in tho graphite plies me not appreciably 
affected by fbe type and number of hybridising plies. Computed 
residual stresses at room temperature tn the S-glass plies reach 
values up to seventy-five percent of the transverse strength of 
the material. Computed resiuual stresses in the graphite plies 
exceed the static strength by approximately ton percent. In the 
case of Kevlar plies, computed residual stresses for oxcaod the 
static strength Indicating possible early failure of these plies 
Static testing of tho hybrids above indicates that fsiluto is governed 
by tho ultimate stiain of the graphite plies. In thormally cycled 
hybrids, in general, residual moduli wore somewhat lower and 
residual strengths wore higher than initial vqluos Author 


NT7-1111B*# (IT Research Inst., Chicago, III. 

WAVE PROPAGATION IN FIBER COMPOSITE LAMINATES. 
BART 2 Final Report 1 Jul. 1974 • 29 Feb. 1979 

I. M. Daniel and T. Libor Jun 1976 135 p rots 
(Contract NAS3- 16766) 

I NASA-CR- 135086: IITRI-DB073-3-Pt.a) Avail NTIS 

HC A07/MF AQ1 CSCL11D 

An experimental Investigation was conducted to dotoimino 
the wave propagation characteristics, tronsioni strains and residual 
properties in unidirectional and angle-ply horon/epoxy and 
graphite/ epoxy laminates Impacted wltn silicone rubbor projectiles 
at velocities up to 260 MS- 1 The predominant wave rs flexural, 
propagating at different velocities in different directions. In general, 
measured wave velocities were higher than Ihoorotically predicted 
values. The amplitude of the in-plane wave is loss then ten 
percont of that af tho flexural wovo Peak strains and strain 
rates in tho transverse to tho tauter! fiber direction are much 
higher lhan those In tho direction of tho fibers. Tho dynamics of 
impact were also studied with high speed photography Author 


N77-11116*# IIT Research lost . Chicago. Ill 

STRAIN RATE EFFECTS ON MECHANICAL PROPERTIES 
OF FIBER COMPOS* fES, PART 3 Final Report. I Jul. 
1974 - 29 Feb. 1976 

I M Daniel and T Libor Jun t976 49 p rots 
(Contract NAS3 167G8I 

(NASA-CR- 136087. IITRI-D6073-4I Avail NTIS 

HC A03/MF AOI CSCL 1 1D 

An oxponmontal investigation was conducted to dotoimme 
the strain raro effects in liber composites Unidirectional composite 
specimens of boron/opoxy. graphite/ epoxy. S-glass/epoxy and 
Kevlar/epoxy woio tested to determine longitudinal, trnnavotso 
and intralaminar (in-plono) shear properties In the Longitudinal 
direction the Kevlar/ epoxy shows a definite mctease in both 
modulus and strength with strain rate In the tronsvoise direction, 
a general trend toward higher strength with strain rote is noticed 
The intralaminar shear moduli and stiangihs of burun/apoxy and 
graphite/ epoxy show a definite use with strain rote Author 


N77-131M*# CTl-Dixie, Inc . Cincinnati, Ohio 

OEBIGN ICONCEPT8 FOR A COMPOSITE DOOR FRAME 
SVSTEM FOR GENERAL AUTOMOTIVE APPLICATIONS 

John A. Tauber Apr 1976 56 p rets 
(NASA Ordor C 79871 Cl 

(NASA-CR-1351 11) Avail NTIS MF AOl/HC A04 CSCL 
1 1D 

Conceptual design manufacturing process, and costs are 
oxpluted to delormmo tho feasibility ot replacing present stool 
parts in automotive door structures with various composite 
matenals The problems of conforming to present anti-intrusion 
specifications with advanced materials are examined and 
discussad Madosi weight reductions, at competitive costs, wore 
Identified tor tho ulrliiotion of spocific composite materials m 
automotive door structurus Author 


077-16101*# TRW Inc . Cleveland. Oluo 

RMR POLVtM IDE /GRAPHITE FIBER COMPOSITE FAN 
BLADES 

P J Cavano and W. E. Winters 15 Ooc. 1976 98 p refs 
t Contract NAS3 189391 

I NASA-CR-1351 13: 6R-7821F) Avail NTIS 

HC A05/MF AOI CSCL 1 1D 

Ultrahigh speed fan blados, designed in accordance with 
th • requirements ol an ulttuhigh tip speed blade axial (low 
compressor, woio fabricated from a high strength graphite fiber 
low .md a PMR polymude resui The PMR matrix was pioparud 
by combining ihroo monomelic reactants in methyl alcohol, and 
thv solution was applied directly lo the reinforcing fiber tor 
subsequent in situ polymerization Some of rho molded blades 
wore completely finished by secondary bonding of loot prussme 
pads and an olectioformed nickel leading edge sheath pnot to 
final machining The insults of the spin testing of nine PMR Ian 
blados am given Pi, or to blade fabrication, hoot rosin tensile 
pioperhes ol the PMR resin were examined et four formulated 
molecular weigh! levels Additionally, thioo formulated molecular 
woight levels were investigated in composite (orm with both n 
high modulus and a high strength fiber, both as molded and 
poslcutod, m room temperature and 232 C transverse tensile, 
flexure and short beam shear Mixed fiber orientation panels 
simulating potential blade constructions woio also evaluated. 
Floxme tests, short bourn shoai tests, and tensile tests were 
conducted on these angle plied laminates. Author 

DATA SUMMARY Diverse data are presented, variables 
include tunsilu strength, modulus, woight loss. Ilexuiu stienglh 
shoai strength, dimensions, temperature 


N77-16114’# Mossc, r esells Inst of Tech . Cambridge Dept 
ot Mntunals Science and Eni,:.:—»ting 

SURFACE CRACK GROWTH IN FIBER COMPOSITES 
Interim Report. 1 Feb. 1976 1 May 1976 

J Im. J F. Mandell, S. r Wang, and F J McGairy Sun 
1976 134 p rels 
(Gram NsG-3044) 

(NASA-CR- 1350941 Avail NTIS HC A07/MF AOI CSCL 
1 1D 

Tho rusults ol an expeimionlal study ol damage extension 
and failure in glass and graphite 'epoxy laminates containing 
partially through-thickness surface cracks ate prosontod The 
laminates studied are divided between those containing tour plies 
90/ 0/ 0/90. 15/15/ 15/15. and 45/ 45/45-45 and those 
containing 12 16 plies ol the general configurations 0/30 • 

oi 45 and 0/ , or 60 Most ol tho results are tor surface 
cracks ol various lengths and sovotal depths Stable damage 
extension in laminates containing surface cracks is piodumimmtlv 
dolominauon between plies and tends to be much mote extensive 
pnor to failure than is the case with through-thickness cracks 
resulting in approximatolv notch insensitive behavior m most cases 
A greatoi tendency for notch-sensitive behavior is found lor 
0/90 graphito/upoxy laminates tor which stable damage extansion 
is more limrted The rate ol damage extension with increasing 
applied stiuss depends upon tho composite system and ply 
configuration as well as tho ciack length and depth An 
approximate sonnonipiiicnl method is presented toi estimating 
the growth rate ol large damage regions Authoi 


N77-30179*# Stanford Rosunrch Inst . Menlo Paik Call! 

EFFECTS OF ILLUMINATION ON THE CONDUCTIVITY 
PROPERTIES OF SPACECRAFT INSULATING MATERIALS 
Final Report 

R C Adamos and J E Nanevicr Jul 1977 84 p rels 
(Contract NAS3-20080, SR! Pint 4904) 

INASA-CIT 135201) Avail NTIS HC A05/MF AOI CSC) 
1 ID 

Experimental data on Iho dark and illuminated conductivities 
of Kaplun V and polyvmyliduiiu fluontle IPVF2I films am described 
as well as the changes in insula ling properties produced in 
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Kapton H, Kapton V, PVF2, and FEP Teflon films as result of 
prolonged exposure to solar illumination. An overall summary of 
the results of tests is presented, A general introduction and a 
description of the experimental apparatus and procedures used 
are also given. Author 


A77-2S733 • # Impact behavior of graphite-epoxy limulatid 
fan bladei. T. S. Cook (Southwest Research Institute, San Antonio, 
Tex.) and J. L. Preston, Jr, (United Technologies Corp., Power 
Systems Div., South Windsor, Conn.), In: Structures, Structural 
Dynamics and Materials Conference, 18th, March 21-23, 1977, and 
Aircraft Composites: The Emerging Methodology for Structural 
Assurance, San Diego, Calif,, March 24, 25, 1977, Technical Papers 
Volume A, (A77-25726 10-39) New York, American Institute of 
Aeronautics and Astronautics, Inc., 1977, p. 49-57. 12 refs. Contract 
No. NAS3-15568. (AIAA 77-365) 

The response of a graphite-epoxy material, Modmor ll/RR-286 
to foreign object impact was investigated by impacting spherical 
projectiles of three different materials - gelatin, ice, and steel - on 

mTaled rh^ specime " 5 ' Vis “ al and metallographic inspection 
evealed three damage mechanisms: penetration, leading edge bend- 
ing failure, and stress wave delamination and cracking. The steel 
projectiles caused penetration damage regardless of the impact 
location and angle. For the ice and gelatin particles impacting the 

n^anifirlm 1“” T* dUe to ' a,ge local bendin 9 strains, resulting 
m s^mficant mater.al removal and delamination damage B J 

DATA SUMMARY: Attention is given ,o the effect of project 

terwr |' S,ICS ' T ac ‘ location and an 9 |e in the graphite-epoxy 
ornfem -1 h" 9 W ' e,fer: of P'v configuration; variables are 
matertai d,amele '; ,m P act ''elocity, impact angle, impact location 
materia removal, damage extent, and damage ratio; two figures and 
two tables include numeric data. 


were 400 F and 100 psi for up to two hours duration. After postcure 
at temperatures up to 600 F, the composites demonstrated high 
initial mechanical properties at temperatures up to 550 F. The results 
from isothermal aging studies in air for 1000 hours indicated 
potential for long-term (ovar 1000 hours) use at 500 F and 
shorter-term use at 550 F M , . 

(Author)- 


A7 7-28347 * Superalloy eutectic composites with the VI A 

refractory elements - Cr, Mo and W. M. R. Jackson and J. L. Walter 
General Electric Co.. Schenectady, N.Y.). In: Superalloys; Metal- 
lurgy and manufacture; Proceedings of the Third International 
Symposium, Seven Springs, Pa., September 12-15, 1976 (A77- 

28 l*l ’l' 26 ’ Baton Rou SC. La.. Claitor-S Publishing Division, 1976 
p. 341-350. 42 refs. Contract No. NAS3-197J 1. 

„,-„J he . daPer discU5ses the Phase equilibria for the ternary systems 
NiAiCr, NiAIMo, and NiAIW, with emphasis on reactions from the 
liquid state, although some of the solid state reactions are 
15 ShoWn ,hat eu,cctics in ,he Ni-AI-refractory element 
(Cr Mo W) systems offer the potential for high temperature turbine 
blade and vane applications. In particular, it is shown that the phase 
diagrams of these ternary systems can be manipulated to alter the 
eutectic phases and morphologies by simple quaternary alloying 
modifications. The resultant combination of chemistry and structure 
can be controlled to ensure a behavior that is well-matched to hot 
section component materials requirements. S q 


iui 7 * PolV /Diels ' Alder/ matrix resins. R. J. Jones, 

M. K. O Bell, C. H. Sheppard, and R. W. Vaughan (TRW Defense and 
Space Systems Group. Redondo Beach, Calif.). SAMPE Quarterly, 

mac 8 ' Apr ’ ' 9?7, P ‘ ,8-25 ' 15 refs ' Contracts No. NAS3-15834; No. 
NAS3- 1 7770. 

A poly f Diels-Aldei ) (PDA) resin approach was investigated as a 
means to achieve autoclavability of high -temperature resistant 
resm/fiber composites under miid fabrication conditions. The results 
of the study were highly promising and program objectives were 
achieved. Low-void content Type A S graphite reinforced composites 
were autoclave fabricated from a PDA resin/fiber prepreg prepared 
from an acetone:methano!:dioxane varnish. Autoclave conditions 


26 INORGANIC AND PHYSICAL 
CHEMISTRY 

Include* chamical analyai*. a.g,. chromatography: 
combustion theory; alactrochamiatiy: 'and photochem- 
istry. 

For related information aaa also 77 Thermodynamics 
and Statistical Physics. 


N77-10166*# National Aeronautics and Space Administration. 
Lewis Research Canter. Cleveland. Ohio. 

REACTIONS OF CHROMIUM WITH GASEOUS NaCI IN AN 
OXYGEN ENVIRONMENT 

Carl A. Steams, Fred J. Kohl, and George C. Ftyburg t97B 
t2 p refs Piesented at Symp. on Properties of High Temp, 
Alloys, Laa Vegas, Nev„ 17-22 Oct. 1976, sponsored by tho 
Elactrochem Sac. and the Met. Soc. of the Am. Inat, of Mining. 
Met. and .Patrol. Engrs. 

INASA-TM-X-73476: E-8748) Avail: NTIS HC A02/MF A01 
CSCL 070 

Target collection techniques and high pressure mass spectro- 
metric sampling have been used to study the formation of volatile 
chromium-containing species in the reaction of Cr203 with 02 
and NaCI gases. Experiments wero performed at atmospheric 
pressure as a function of chromium temperature, oxygen pressure, 
and NaCI gas concentration. The major chromium-containing 
vapor specias were found to be (NaCi)x Cr03 gas. with x - 
1.2, and 3, which are products of heterogeneous reactions on 
the surface. The kinetics indicate first order dependence on oxygen 
and sodium chloride pressures. Author 


7177-18238“# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

DEVICE FOR THE DETECTION OF PHENOL AND RELATED 
COMPOUNDS Patent Application 

Julian G. Schiller (Pittsburgh Univ.) and C C. Liu. inventors (to 
NASA) (Pittsburgh Univ.) Filed 26 Feb. 1977 22 p 
(Grant NsG-3002) 

(N ASA-Case-LEW- 12513-1; US-Potent-Appl-SN-772167] Avail: 
NTIS HC A02/MF A01 CSCL 07D 

A method is described which permits the selective oxidation 
and potemiometrtc detection of phenol and related compounds 
in an olactrochemiCB) cell An anode coated with a gel immobilized 
oxidative onzymo and a cathode are each placed tn an electrolyte 
solution. Tho potential of the coll is measured by a potentiometer 
connected to the electrodes. NASA 


N77-1B1U*# National Aeronautics and Space Administration. 
Lawn Rasearch Center. Cleveland. Ohio. 

THE FLUORINATION OF COBALT AND ZINC 
Patricia Marie ODonnetl Jul. 1976 112 p refs 
INASA-TM-X-73478: E-8233) Avail: NTIS HC A06/MF A01 
CSCL 070 

The reaction of cobalt and zinc with gaseous fluorine was 
studied. Both temperature and pressure were variables, ranging 
from 298 to 773 K and SO to 626 torr. 8olh reactions were 
described by the parabolic rate law. The reaction was bath 
temperature and pressure dependent. In the zinc reaction the 
vaporization rate of zinc above 573 K complicated the kinetics. 
The cobalt reaction was complex duo to the formation of two 
fluorides. Parabolic rate constants have been calculated and from 
the temperature dependence of the reaction a heat of reaction 
of 2.8 kcal-mola sec for zinc and 4.8 kcal-mole sec for cobalt 
in the low temperature range has been estimated A theoretical 
analysis indicated the most probable mechanism for both reactions 
is cation diffusion through cation vacancies. Comparisons with 
reported oxidation kinetics are given Author 
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N77-23222*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

DEVELOPMENT OF A DRIFT-CORRECTION PROCEDURE 
FOR A DIRECT-READING SPECTROMETER 

Gilbert B. Chapman. II and William A Gordon Washington 
May 1977 23 p refs 

(NASA-TN-D-8463; E-90041 Avail NTIS HC A02/MF A01 
CSCL 148 

A procedure which piovidos automatic correction lor drills 
in the radiometric sensitivity ot each detector channel in a 
direct-reading omission spectiometei is described Such dolts 
aie customarily controlled by the regular analysos of standards, 
which provide corrections foi changes in the excitohonal. 
optical, and electronic components of tho instrument This 
standardization procedure, howover. corrects for the optical and 
elaclronic drifts It is a step that must be taken if the time, 
effort, and cost ot processing standards m to be minimized. This 
method of radiometric drift coiruction uses a 1.000-W tungsten- 
halogen reference lamp to illuminate uach detoctor through the 
same optical path as that traveisad during sample analysis. The 
responses of the detector channels to this reference light are 
regularly compared with channel response to the seme light 
intensity at the time ot analytical calibration in order to 
determine and corruct foi dnlt Except foi placing tho lamp m 
position, the procedure is lully automated and compensates lor 
changes in spectral intensity due to venations in lamp current. 

A discussion of the implementation ot tins drift-correction system 
is included Author 


N77-33297*# Notional Aoronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

LEAN PREMIXED/PRE VAPORIZED COMBUSTION 

A. H. Lefebvro, ed. (Purdue Univ., Lafayette, Ind.) 21 Jen. 1»77 
46 p Presented at Workshop. Cleveland. Ohio, 20-2 1 Jan 
1977 

INASA-CP-2016: E-925S! Avail: NTIS HC A03/MF A01 CSCL 

21B 

Recommendations were formulated on the status and 
application of lean premixed/prevo,' -uized combustion to the 
•ircreft gts turbine for the reduction v* pollutant amissions The 
approach taken by tho NASA Stratospheric Cruise Emission 
Reduction Program (SCERP) in pursuing the lean premised/ 
prsvaporued combustion technique was also discussed. The 
proceedings contain an overview of the SCERP program, the 
drecuseions end recommendations ot tho participant*, and an 
overall summary. Author 


A77-19880 * Experimental investigation of flow turbulence 

affects on premixed methane-ait flames. K O Smith INASA, Lewis 
Research Ceritei. Cleveland. Ohm; Cornell University, Ithaca, N Y ) 
and F. C. Guultliii (Cornell Univetsit/, Ithaca, N.Y.). American 
Institute of Aeronautics and Astronautics, Aerospace Sciences 
Meeting. 15th. Los Angeles. Calii.. Jan. 74 2b'. 19/7. Paper 77 ISS. I) 
p. 13 rets. Giant No. NsG 3019. 

An experimental assessment ot a novel technique loi measuring 
turbulent llama speeds was conducted Uucon lined. V shaped, 
methane-air flames stabilized tn gnd turbulence were investigated. 
Local flame -.pends were measured employing hot him and laser 
anomometiv and fitvi wire thermocouples. The measurement insttu 
mentation was extended to provide mean and fluctuating tempeia 
tuie inlnniiatiuit abr.ot uuhiilen! flames. The flames in grid 
turbulence exhibited an increase in dome speed with increased length 
scale and velocity fluctuations. At high combustor velocities, 
stabilize! wake tuibulence dominated the llame properties. (Author) 


A77-25148 * Surface studios of barium and barium oxide on 

tungsten and its application to understanding the mechanism of 
operation of an impregnated tungsten cathode. R. Forman (NASA. 
Lcwis Reseoich Center, Cleveland, Ohio). Journal of Applied Physics 
vol. 47. Dec. 1976, p. 5272 5279. 23 refs. 

Surface studies have been made ol multilayer and monolayer 
films of barium and barium oxide on a tungsten substrate. Thu 
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purpose at the investigation was to synthesize the surface conditions 
that exist on an activated impregnated tungsten cathode and obtain a 
better understanding of the mechanism of operation of such 
cathodes. The techniques employed in these measurements were 
Auger spectroscopy and work-function measurements. The results of 
this study show that the surface of an impregnated cathode is 
identical to that observed for a synthesized monolayer or partial 
monolayer of barium on oxidized tungsten by evaluating Auger 
spectra and work-function measurements. Data obtained from 
desorption studies of barium monolayers on a tungsten substrate in 
conjunction with Auger and work-function results have been 
interpreted to show that throughout most of its life an imprtrganaied 
cathode has a partial monolayer, rather than a monolayer, of barium 
on its surface. (Author ) 


A77-38370 • Investigation of the formation of gaseous 

sodium sulfata in • doped methane-oxygen flame, C. A. Stearns, R. 

A. Miller, F. J. Kohl, and G. C. Fryburg NASA, Lewis Research 
Center, Cleveland, Ohio). Electrochemical Society. Journal, vol. t24, 
July 1977, p.1145, 1146. 5 refs. 

Na2S04(g) formation was measured at atmospheric pressure in 
CH4-02 flames, with high pressure, free-jet expansion, massspectro- 
metric sampling used to identify and measure reaction products. 
Measured composition profiles of reaction products for a doped 9.5 
mote ratio 02/CH4 flame are presented. Weight percentages of 
reactants were 4.7 CH4, 89.0 02, 3.5 H20, 2.0 S02 and 0.36 NaCI. 

B.J. 


A77-47962 * // Ion chromatographic determination of anions 
collected on filters at altitudes between 9,6 and 13.7 kilometers. 0. 

A. Otterson (NASA, Lewis Research Center, Cleveland, Ohio), U.S. 
Environmental Protection Agency. Symposium on ton Chromato- 
graphic Analysis on Environmental Pollutants, Research Triangle 
Park, N.C., Apr. 28. 1977. Paper. 1 5 p, 


A77-48694 * s Theoretical and experimental studies of the 
deposition of Na2S04 from seeded combustion gases. F. J. Kohl, G. 
J. Santoro (NASA, Lewis Research Center, Cleveland, Ohio), and G. 

C. Fryourg (Yale University, New Haven, Conn. I. Electrochemical 
Society, Symposium on Corrosion Problems Involving Volatile 
Corrosion Products, Philadelphia, Pa., May 12, 1977, Paper, 28 p. 17 
refs. 

A basic point in the hot corrosion of turbine components is the 
deposition of sodium sut'ate from flames containing sodium and 
sulfur. An experimental study is described which examines a dew 
point prediction theory based on the local thermochemical equilib- 
rium (LTCE) method, and a means to calculate the deposition rate is 
suggested. In addition, a convective diffusion theory, based an the 
assumption of a chemically frozen boundary layer, utilizing the 
LTCE results, and imposing the additional effects of mass transport, 
was also successful in predicting dew points lor Na2S04-seeded 
combustion gases. A multicomponent mass transfer equation was 
derived to predict NaS04 deposition rate via vapor transport at 
temperatures below the deposition onset temperature. S.C.S. 


A 77-4 86 95 * # Gaseous sodium sulfate formation in flamas 
and flowing gas environments. C. A. Stearns, R. A. Miller, F. J. Kohl, 
and G. C. Fryburg (NASA. Lewis Research Center, Cleveland, Ohio). 
Electrochemical Society, Symposium on Corrosion Problems Involv- 
ing Volatile Corrosion Products, Philadelphia. Pa.. May 12, 1977, 
Paper. 21 p. 26 rels. 

Formation of Na2S04(g) in flames and hot flowing gas systems 
was studied by high pressure, (reo-jet expansion, modulated molecu- 
lar beam mass spectrometric sampling. Fuel-lean CH4-02 flames 
doped with S02, H20 and NaCI yielded the gaseous Na2S04 
molecule in residence times of less than one millisecond. Inter- 


mediate species NaS02(g) and NaS03(g) were also observed and 
measured. Composition profiles were obtained for all reaction 
products. Non-flame (lowing gas experiments showed that Na2S04 
and NaS03 gaseous molecules were formed at 1 140 C in mixtures of 
02, H20(g), 502 and and NaCI(g). Experimental results are 

compared with calculated equilibrium thermodynamic predictions. 

(Author) 


N77-28249*# Pannsylvania State Univ., University Park 
Dept of Mechanical Engineering. 

COMBUSTION OF LIQUID SPRAYS AT HIGH PRESSURES 
Annual Report. 1978 

A. J. Shearer and G, M Faeth Mar. 1977 90 p refs 
(Grant NGR- 39-009-077) 

(NASA-CR- 1 352 1 0) Avail: NTIS fiC A05/MF A01 CSCL 
218 

The combustion of pressure atomized fuel sprays in high 
pressure stagnant ait was studied. Measurements wore made of 
(lame and spray boundaries at pressures in the range 0.1-9 
MPa for methanol and n-pontane. At the higher lest pressure 
levels, critical phenomena are important. The experiments are 
compared with theoretical predictions based on a locally 
homogeneous two-phase flow model. The theory correctly 
predicted the trends of the data, but underestimates flame and 
spray boundaries by 30-50 percent, indicating that slip is still 
important for the present experiments (Sauter moan diameters 
of 30 microns at atmospheric pressure under cold flow conditions) 
Since the sprays are shorter at high pressures, slip effects are 
still important even though the density ratio of the phases approach 
one another as the droplets heat up. The model indicates the 
presence of a region where condensed water is present within 
the spray and provides a convenient means of treating supercritical 
phenomena. Author 


N77-2B2S0# National Bureau of Standards. Washington. D C. 

HAZARD CHARACTERISTICS OF COMBUSTION PROD- 
UCTS IN FIRES; THE STATE-OF-THE-ART REVIEW Final 
Report 

Merritt M. Birky May 1977 46 p refs 
iNASA Order C-97B23-B) 

(NASA-CR- 135088; NBSIR-77-1234) Avail NTIS 

HC A03/MF AO I CSCL 2 1 B 

The smoke inhalation hazard as related to human fatalities 
is reviewed, and the limitations of the fire fatality data and the 
methods that have been and are being used to assess the 
inhalation toxicity hazard are outlined In depth autopsy studies 
of some of these fatalities show that carbon monoxide is the 
predominant toxicant produced from fires. Chemical analysis of 
combustion products has been used extensively to assess the 
toxicological hazard in fire research. The limitations of such 
measurements are addressed and a combination of toxicology 
(animal exposures) and analytical chemistry is recommended 
The mechanism of toxic action of a few well known combustion 
products is discussed. Duo to the extensive use of organophos- 
phates as fire retardants in polymeric materials, the toxicity of 
this class of compounds is reviewed in same detail. Author 


A77-21698 * -- Simulation of fluidized bed combustors. I 
Combustion efficiency and temperature profile. M. Horio and C. Y. 
Wen (West Virginia University, Morgantown, W. Va.l. American 
Institute of Chemical Engineers. Annual Meeting, 69th, Chicago. III.. 
Nov. 28-Dec. 2. 1976. Paper. 58 p. 30 refs. Contract No. NAS3- 
19725. 

A chemical engineering analysis is made of fluidizcd-bed 
combustor (FBC) performance, with FBC models developed to aid 
estimation >>f combustion efficiency and axial temperature profiles. 
The FBC is intended for combustion of pulverized coal and a 
pressurized FBC version is intended for firing gas turbines by burning 
coal. Transport phenomena are analyzed at length: circulation, 
mixing models, drifting, bubble wake lift, heat transfer, division of 
the Ft) reactor into idealized mixing cells. Some disadvantages of a 
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coal FBC are pointed out: erosion of immersed heat-transfer tubing, 
complex teed systems, carryover of unburned coal particles hioh 

Z«ri° ml ? i0n 1 - in off-streams. The low-temperature bed 
{HQ 0-950 C) contains limestone, and flue-gas-entrained S02 and NOx 
can be kept within acceptable limits. p D v 


A77 333S5 o Process sensitivity studies of the Westinghoun 
Sulfur Cycle for hydrogen generation. R. Carty, J. Funk, M. Sollman. 
W. Conger (Kentucky. University, Lexington, Ky,), L. Brechor, S. 
Spewock (Westinghouse Research Laboratories, Pittsburgh. Pa,), and 
K Cox. In; World Hydrogen Energy Conference, 1st, Miami Beach, 
Fla., Murch 1-3, 1976, Proceedings. Volume 1. (A77-33326 14-44) 
Fla., University of Miami; New York, Pergamon Press 
1976, p. 9A-17 to 9A-28. Contract No. NAS3-18934. 

The alfoct of variations of acid concentration, pressure, and 
temperature on the thermal process efficiency of the Westinghouse 

uvnor-M C Was examinocl usin u l h « University of Kentucky's 
HYDRGN program. Modifications to the original program wore made 
to duplicate the process flow sheet and take into account combined- 
cycle hoat-to-work efficiencies for electrochemical work require- 
ments, aqueous solutions, and heat-of-mixing effects. A total of 126 
process variations were considered (acid concentration: 50-90 w/o; 
pressure: 15-750 psia; temperature: 922-1366 K (2000 F)). The 
methods of analysis, results, and conclusions ate presented. (Author) 


MW-SK -1 "- of s,,nd ‘ rt, ‘' Dc 

F0 * M>W GRAVITY 

PM€NOMiNl*iN°?i inn.**. ™ N,IT,0N AND CRITICAL 
r. IN PblllDB Interim Report 

Perk) ^T r u R ^ Hock \ n : R w G4mmon ,Md u "" • 

106 p refr V S * nQ ® r, <M<t Univ ‘ Co,l «0* Oct 1970 

(NASA Order C-0286I-CI 

SfSSSK' "" s 

■ boul <h»rmodynamic properties, transport 
complex nonlinear phenomena which occur 
!^. n " u “5 u " d,, »° ph « B trentuhonsVin the critical region are 
considered The limitations to answering these questions bv 

S TT * m ^ J ,,,h 5 flfpydetionel field ere discussed The 
distinction is made between practical limits which may be extended 

!?■ 'modifies* 'n , ^ h n n0l ? 8V * nd im " n,le on,s which «bse from 

k °. ' U, ' dpropart ' IS by the earth s gravitational 
b^ e^L. m . •tpenments near critical points which could 
b«t exploit the low gravity environment of an orbiting laboratory 
ere identified These include studies of the index of refraction 
constant volume, specific heal, end phase separation Qra 


A77-333S6 * *' Hydrogen production by water decompaction 
using a combined electrolytic- thermochemical cycle. G. H, Farbman 
and L. E. 8recher (Westinghouse Electric Corp., Pittsburgh, Pa.). In: 
, , rl ?J^ d n° g0n Eno ' sv Confc, «nce. 1st, Miami Boach, Fla., March 
1-3. 1976, Proccadings. Volume 1. (A77-33326 14-44) Coral Gables 
n» a «« Un 'H e ,. rs ' tV oi New YorX . Pergamon Press, 1976 p 

9A-29 to 9A-50. Contract No. NAS3- 18934. 

A proposed dual-purpose power plant generating nuclear power 
to provide energy for driving a water decomposition system is 
described. The entire system, dubbed Sulfur Cycle Water Decom- 
position System, works an sulfur compounds (sulfuric acid feed- 
stock, sulfur oxides) in a hybrid electrolytic-thormochi-mical cycle- 
performance superior to either ail-electrolysis systems or presently 
known all-thermochemical systems is claimed. The 3345 MW(th) 
graphite-moderated helium-cooled reactor (VHTR - Very High 
Temperature Reactor) generates both high-tempera:me heat and 
Vori"c P T' ,0r th<! p ' uccss; ,he ® as st ™m at core exit is heated to 
•II " ' R<,aCt ° r operatio ’' is described and reactor innards are 

.nEE - A C0SI assessl, ' cl " ,or «"-srieam performance in the 
1990 s is optimistic. R 0 y 


Symposium on Combustion /International/, 
Iflth, Maitachusaiti Institute of Technology, Cambridge, Mass., 
Aupitf 16-20, 1976, Procttding*. Symposium sponsored by the 
Combustion Institute, U.S. Air Force. U.S. Navy. U.S Army £RDA 
NASA, NSF, American Chemical Society, et al„- NSF Grant No’ 
ENG-76-2 14 19; Contracts No. N00014-76-G0041- No NAS3 
19774; Grant No. OAAD05-76-Q-5603. Pittsburgh, Pa., Combustion 
Institute, 1977, 1724 p. Members, S37.; nonmembers, S60 (For 
individual items see A77-48159 to A77-48250) 

Aspects of combustion technology in power systems are 
considered, taking into account a combustion in large boilers, the 
control of over all thermal efficiency of combustion heating systems 
a comparison of mathematical models of the radiative behavior of a 
large-scale experimental furnace, a concentric multiannular swirl 
burner, and ihe effects of water introduction on diesel engine 
combustion and omissions. Attention is also given to combustion and 
related processes in energy production from coal, spray and droplet 
combustion, soot formation and growth, the kinetics ot elementary 
reactions, flame structure and chemistry, propellant ignition and 
combustion, fire and explosion research, mathematical modeling 
high output combustion systems, turbulent flames and combustion’ 
ignition, optical, and electrical properties. q r* 
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26 METALLIC MATERIALS 

Includes physical, chemical, and mechanicol properties 
of metals e.g,. corrosion: and metallurgy. 


N77-101S3*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

HOT CORROSION STUDIES OF FOUR NICKEL-BASE 
SUPER ALLOYS: B-19O0, NASA-TRW VIA. 713C AND 

IN738 

George C, Fryburg, Fred J. Kohl, and Carl A. Steams 1976 
1 1 p refs Presented at Symp. on Properties of High Temp, 
Alloys, Las Vegas. Nev . 17-22 Oct. 1976; sponsored by the 
Eloclrochem. Soc. and the Met. Soc. of the Am Inst of Mining, 
Met and Petrol, Engrs. 

(NASA-TN1-X-73479) Avail: NTIS HC A02/MF A01 CSCL 
1 1F 

The susceptibility to hot corrosion of four nickel base 
superolloys has been studied at 900 dog and 1000 deg C in 
one atmosphere of slowly flowing oxygon Hot corrosion was 
induced by coating the samples with known doses of NaS04 
and oxidizing the coated samples isotharmally on a sensitive 
microbalance In general, the older of susceptibility found was: 
B-1900 is greater than 713C is greater than NASA-TRW VIA 
and is greater then IN738. This order conosponds to the order 
of decreasing molybdenum content of the alloys. Chemical 
evidence lor B-1900 indicates that hot corrosion is instigated 
by acid fluxing of the protective AI203 coating by Mo03. 

Author 


N77-t116B*|{f National Aen nautics and Space Administration. 
Lewis Research Cento . Cleveland. Ohio. 

HOT HARDNESS 'JF NICKEL-RICH NICKEL-CHROMIUM- 
ALUMINUM ALLOYS 

Stanley R. Levine Washington Oct. 1976 18 p refs Prepared 
in cooperation with Army Air Mobility Res and Develop Lab . 
Cleveland. Ohio 

(NASA-TM-X-3429. E-87SOI Avail: NTIS HC A02/MF A01 
CSCL 1 IF 

Rockwell A hardness of cast nickel-chromium -alum mum 
(NiCrAII alloys was examined from ambient to 1150 K and 
compared to cast NiAl and IN 100 Alloy constitution was either 
gamma, gamma prime t gamma or gamma + beta + alpha 
+ gamma prime Bolow 1000 K beta containing NiCrAI alloys 
have hardnesses comparable to IN- 100. above 1000 K they 
soften faster than IN- 100 At 1150 K the hardness of beta- 
containing NiCrAI alloys decreases with increasing beta-content. 
The beta-containing NiCrAI alloys were harder than beta-NiAI. 
The ultimate tensile strengths of the NiCrAI alloys were estimated. 
The effects of NiCrAI coatings on strength and fatigue life of 
cooled turbine components were deduced. Author 


N77-12184*# National Aeronautics end Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

EFFECT OF A CHROMIUM-CONTAINING FUEL ADDITIVE 
ON HOT CORROSION 

Carl E Lowell and Daniel L. Doadmore Jut 1976 30 p refs 
(NASA-TM-X-73465. E-8831) Avail: NTIS HC A03/MF A01 
CSCL 1 1F 

Four suporalloys were tested at 900 C in high velocity 
combustion gases containing synthetic sea salt and. in some 
cases, a chromium containing fuel additive. While the Bdditive 
reduced hot corrosion of the alloys over the 100 hour test period, 
the attack was not eliminated nor was the mode of attack changed 
Reduction of the number of thermal cycles had as large a beneficial 
effect as the Cr additive Intermittent washing during testing 
had either small beneficial or adverse effects depending on the 
alloy. Author 


N77-121B6*# National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. Ohio. 

DIRECTIONALLY SOLIDIFIED IRON-BASE EUTECTIC 
ALLOYS 

Surondda N Tewarr Washington Dec 1976 25 p refs 
(NASA-TN-D-8354: E-8846) Avail: NTIS HC A02/MF A01 
CSCL 1 1F 

Pseudobinary eutectic allays with nominal compositions of 
Fe-25Ta-22Ni- 1 0Cr and FB-15.6Nb-14.5Nt-6.0Cr were di- 
rectionally solidified at 0 5 contlmetar per hour. ThBir microstruc- 
ture consisted of the fee. iron solid-solution, matrix phase 
reinforced by about 41-volume-parcom. hep. faceted Fe2Ta fibers 
end 4 1-volume -percent, hep, Fa2Nb lamellae for the tantBlum- 
and niobium-containing alloys, respectively. The microstructural 
stability under thermal cycling and the temperature dependence 
of tensile properties were investigated. These alloys showed low 
elevated-temperature strength and were not considered suitable 
for application in aircraft-gas-turbine blades although they may 
have applicability as vane materials. Author 


N77-13209*# Notional Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio 

PHASE DIAGRAMS OF METALLIC SYSTEMS (ALPHABETI- 
CAL CUMULATIVE ALLOY SYSTEM INDEX AND TABLE 
OF CONTENTS) 

N. V Ageev, ed Washington Dec 1976 107 p Trans 1 into 

ENGLISH from the book "Diagrammy sostoyaniya melaliicftuskikh 
sistom". v. 1-19. Moscow. VINITI Press, 1959 - 1976. Selected 
pages 

(NASA-TT-F- 17296) Avail: NTIS HC A06/MF A01 CSCL 
1 IF 

The compilation of phase diagram information is the most 
comprehensive publication available on phase diagram information 
for binary, ternary, and higher order alloy systems. The Tables 
of Contents in volumes 1 through 17 of compilation do not list 
the contents by alphabetic chemical symbols, but in Russian. 
Volumes 18 and 19 have their Tables of ContontS listed by 
alphabetic chemical symbol. It is a laborious task to use this 
compilation because no cumulative alloy system indox is available. 
This translation provides individual volume listing of contents by 
page number with alphabetic chemical symbols and it provides 
a cumulative allay system index, listing alloys systems alphabetical- 
ly by chemical symbol This publication should facilitate the use 
ol this valuable information source. Author 


N77-14253"’# National Aeronautics and Space Administration. 
Lewis Resoarch Center, Geveland. Ohio. 

EFFECT OF CYCLIC CONDITIONS ON THE DYNAMIC 
OXIDATION OF GAS TURBINE SUPERALLOYS 

James R. Johnston and Richard L. Ashbrook Apr. 1974 24 p 
refs 

(NASA-TN-D-7614; £-7594) Avail; NTIS HC A02/MF A01 
CSCL t IF 

The effects of operating parameters of a dynamic apparatus 
used to study oxidation and thermal fatigue of gas turbine materials 
wore studied. IN-100. TD-NiCr. and WI-S2 wore tested at a 
maximum temperature of 1.090 dag C. Keating time pat cycle 
was varied from 1/20 hr to 10 hr. Minimum temperatures 
between hooting cycles were room temperature. 430 deg. and 
650 deg C. Cooling air velocities were zero. Mach 0.7. and 
Mach 1. Increasing the number of cycles for a given time at 
temperature increased weight toss. Thermal fatigue was related 
to number of cycles more than to time it temperature. Author 

DATA SUMMARY: 3 alloys were subjected to cyclic heating 

and cooling; variables are chemical composition, heating time 
per cycle, cooling air velocity, minimum cooling air temperature, 
weight change, thermal fatigue cracking: 9 figures and 3 tables 
include numeric data. 
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N77-1B147*# National Aeronautics and Space Administration. 
Lewis Research Canter. Cleveland, Ohio. 

DIRECTIONALLY SOLIDIFIED EUTECTIC ALLOY GAMMA- 
BETA 

Svirendra N. Tewari {Natl. Ros Council) Washington Jan. 1977 
27 p refs Presented in part at the 105th Annual Meeting of 
the Am. Inst, of Mining. Metallurgical, and Petroleum Engineers. 
Us VegaB. Nav.. 22-26 Feb. 1976 

(NASA-TN-D-83S5; E-8845) Avail: NTIS HC A03/MF A01 
CSCL 1 1F 

A pseudobinerv eutectic alloy composition was determined 
by a previously developed bleed-out technique. The directionally 
solidified eutectic alloy with a composition of 
Ni-37.4Fe-10.0Cr-9.6AI (in wt%l hod tensile strengths decreasing 
from 1.090 MPa at room temperature to 54 MPa at 1.100 C. 
The low density, excellent mictostructural stability, and oxidation 
resistance of the alloy during thermal cycling suggest that it 
might have applicability as a gas lurbine vano alloy while its 
relatively low high temperature strength precludes its use es a 
blade alloy. A zirconium addition increased the 750 C strength, 
and a tungsten addition was ineffective. The gamma - beta eutectic 
alloys appeared to obey a normal freezing relation Author 

DATA SUMMARY: Mechanical properties, oxidation and haat 

resistance of solidified iton-nickel-chromium -aluminum olloy: 
variables include crystal growth rate, tensile strength, temperature 
effects, yield strength, elongation, reduction in area, intermetal- 
iics. chemical composition, microstructure: 6 Figures and 3 tables 
are included. 


N77-1B148*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 

OXIDATION IN OXYGEN AT 900 OEG ANO 1000 DEG C 
OF FOUH NICKEL-BASE CAST I-OVS: NASA-TRW 

VIA, 1-1900. ALLOY 713C. ANO IN-73B 

George C. Fryburg. Fred J. Kohl, and Carl A Stearns Washington 
Jen. 1977 46 p refs 

INASA-TN-D-838B: E-8770) Avail: NTIS HC A03/MF A01 
CSCL 11F 

The oxidation at 900 and 1.000 C of four nickel-base 
superalloys in 1 atmosphere of slowly (lowing oxygen was 
investigated. Thermogravimetnc rote data were obtained for 
periods to 100 hours. The morphology and composition of the 
oxide scales formed after 100 hours were studied by optical 
microscopy. X-ray diffraction, electron microprobe, scanning 
electron microscopy, and X-ray photoeloctrob^spectroscopy 
{ESCAI. Alloys B-190Q Bnd VIA wore found to bB primarily 
alumina formers, though probably 25 percent of their surface 
was covered by CR203-containing oxides at 900 C. Alloys 713C 
and IN-738 were primarily chromia formers, though the surface 
of 713C at 1.000 C was covered with NiO. and the surface of 
IN-738 at both temperatures was covered with a thin layer of 
Ti02. Author 

DATA SUMMARY: Five different experimental techniques 

ware applied to determine the morphology and composition of 
the complex oxide scales formed on nickel-base superalloys 
oxidized at high temperature: variables include temperature, time, 
weight change, diffraction pattern intensity, rate of oxidation, 
thickness of oxide layer, thickness of internal oxidation zone, 
thickness of gamma prime depletion zone, composition. 7 figures 
end 4 tables include numeric data. 


N77-1720O*# National Acionautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 

REACTION DIFFUSION IN THE NICKEL-CHROMIUM- 
ALUMINUM ANO COBALT-CHROMIUM-ALUMINUM 
SYSTEMS 

Stanley R. Levine Washington Feb. 1977 67 p rels Prepared 
in cooperation with Army Air Mobility Lab . Moffett Field, Cali!. 
(NASA-TN-O-8383; E-88351 Avail: N^IS HC A04/MF A01 
CSCL I IF 

The olfoctE of MCrAI coating-substrate interdiffusn-n on 
oxidation life and the general mutllphase. multicomponent diffusion 
problem wore examined. Semi-infinite diffusion couples that had 
sources representing coatings and sinks raprosanhng gas tuibme 


alloys were annealed at t.000. 1.095. 1.150. or 1.205 C for as 
tong as 500 hours. The source and sink aluminum and chromium 
contents and the base metal (cobalt or nickel! determined the 
parabolic diffusion rate constants of the couples and predicted 
Unite coat-ng lives. The bora souice strength concept provided a 
method (1) (or correlating beta recession rate constants with 
composition. (21 for determining reliable average total, diffusion, 
and constitutional activation energies: and (3) for calculating 
interdiHusion coefficients Author 

DATA SUMMARY: Driving potentials, phase fields, and layer 

growth coolants for 28 Al source alloys are piesentod. along 
with layer growth analysis of Ni and Co base alloys: variables 
include Al content weight percent, Cr content weight peicent. 
distance, Knoop hardness number, time, recession, source strength, 
tecession rate constant, growth, and total depleted zone growth; 
13 figures and 5 tables include numeric data. 


N77-17201*jj/ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

HOT CORROSION OF S-67. 1 COBALT-BASE ALLOY 
Gilbert J. Santoro Washington Feb 1977 34 p tels 
( N ASA-TN- D-8395 : E-8B76) Avail NTIS HC A03/MF A01 
CSCL 1 IF 

A cobalt base alloy. S-57. was hot corrosion rested in 
Mach 0.3 butnei rig combustion gases at maximum alloy 
lomperatuios of 900 and 1000 C, Various salt concentrations 
weie injected into the burner: 0.6. 2. 5. and 10 ppm synthetic 
sea salt and 4 ppm sodium sulfate (Na2S04). S-57 underwent 
accelerated corrosion only undei the most severe test conditions, 
for example. 4 ppm Na2S04 at 900 C. The process of the 
accelerated corrosion was primarily sulfidation. Author 

DATA SUMMARY. High temperature sulfur-sea salt corrosion 
in Mach 0.3 burner tig combustion gases, variables ate tempera- 
ture. corrosive penetration depth, oxposuie tine, sulfur cornont. 
sea salt concentration, burner rig flame fuel, oxidont mass ratio, 
oxide phase, alloy temperature, weight of deposit. end scale 
thickness; 8 figures and 6 tables include numeric data. 


N77-18249'# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

WELDABILITY OF HIGH-TOUGHNESS IRON • 12 PERCENT- 
NICKEL ALLOYS WITH REACTIVE METAL ADDITIONS OF 
TITANIUM. ALUMINUM. OR NIOBIUM 

Jack H. Oelvelian (Youngstown State Untv . Ohio), Joseph R 
Stephens, and Waltei R. Witzke Washington Feb 1977 23 p 
rets 

(N ASA-TN- D-8403. E-8883) Avail NTIS HC A02/MP A01 
CSCL 1 1F 

Three exceptionally high toughness F«-l2Ni alloys designed 
for ciyogonic service weie welded by using the gas tungsten arc 
welding piocess Evaluation ol then weldability included equivalent 
oneigv fracture toughness tests, transvaise weld tensile tests at 
•196 and 25 C and weld crock sensitivity tests The Fe-l2Ni-0. 
25Ti alloy ptoved extremely weldable lot cryogenic applications, 
having weld and heat affected zone pioporties comparable to 
those of the wrought base alloy Tho Fe-12Ni-0 5Al alloy had 
good weld piopeities only after the wold |omt was heat Heated 
Thu Fe-12Ni 0 2SNb alloy was not considered Weldable lot 
cryogenic use because ol its poor weld joint properties at -196 
C and its susceptibility to hot cracking. Author 

DATA SUMMARY Effects ot gas tungsten am welding on 
Fe 12Ni alloy sheets containing titanium, aluminum, or niobium 
addmuns the variables include ftactute toughness, weld cooling 
rato. heat Heat merit hot rolling, yield strength, tensile strength, 
elongation tpoicentl alloy content, interstitial content, and 
miciostructiiie. 8 figures and 3 tables 
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N77-t8261*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. tctiiqfD 

OPTICAL PROPERTIES OF ION BEAM TEXTURED 

W R. Hudson. A. J. Weigand. and M. J. Mirtich 1977 20 p 
refs Presented at the 6th Annual Symp, on Applied Vacuum 
Science and Technology. Tampa. Fla.. 14-16 Feb. 1977: sponsored 

(NASA-TM -X-7359B: E-9073) Avail: NTIS HC A02/MF A01 
CSCL 1 1 F 

Copper silicon, aluminum, titanium and 316 stainless steel 
were textured by 1000 eV xenon ions from an 8 cm diameter 
electron bombardment ion source Simultaneously sputter- 
deposited tantalum was used to facilitate the development o 
the surface microstructure. Scanning election microscopy of the 
ion textured surfaces revealed two types of microstructure. Copper, 
silicon, and aluminum developed a cone structure with an average 
peak-to-peak distance ranging from 1 micron for silicon to 
6 micrnns for aluminum. Titanium and 316 stainless stee 
developed a serpantme ridge structure. The average peak-to-peak 
distance for both of these materials was 0.5 micron. Spectral 
reflectance was measured using an integrating sphere and a 
holtaum reflactometor Total reflectance for air mass 0 and 2. 
solar absorptance and total omittance normalized for a 4Zb * 
black body ware calculated from the reflectance measurements. 

Author 


DATA SUMMARY Spectral reflectance for five specimens 
of ion beam textured metals: vanablas include wavelength, 
reflectance, percent of total energy, air mass zero, air mass two. 


N77-19208*# National Aeronautics and Space Administration, 
lewis Research Center. Cleveland. Ohio. 

A DIRECTIONALLY SOLIDIFIED 180N- 

CHROMIUMALUMINUM-TANTALUM CARBIDE EUTECTIC 
ALLOY 

Fredric H. Harf Washington Mar. 1977 19 p refs 
(NASA-TM-X-3434: E-8890) Avail: NTIS HC A02/MF A01 

CSCL 1 1F . 

A eutectic alloy. Fe-13.6CR-3.7AI + 9TaC. was directionally 
solidified in a high gradient furnace, producing a mrcrostructure 
of alined TaC fibers in an oxidation resistant alpha-iron malrix. 
Tensile and stress rupture properties, thermal cycling resistance 
and microstructures were evaluated ™>e aHoy displays at 
1000 C an ultimate tensile strength of 58 MPa and a 100- 
hour rupture life at a stress of 21 MPa. Thermal cycling i to 
1 100 C induces faceting in the TaC fibers. Autnor 

DATA SUMMARY Tensile and stress rupturo tests of 
directionally solidified, as cast, and oxide dispersion strengthened 
alloys variables include nominal composition Iwt %), temperature, 
ultimate tensile strength, yield strength, elongation, solidification 
rate stress, life: 1 figure and 2 tables include numeric date. 


N77-19209'# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

GASEOUS SODIUM SULFATE FORMATION IN FLAMES 
AND FLOWING GAS ENVIRONMENTS 

Carl A. Stearns. Robert A Miller. Fred J Kohl, and George C. 
Fryburg 1977 22 p refs Presented at Symp. on Corrosion 
Probl Involving Volatile Corrosion Products. Philadelphia. 
8-13 May 1977: Sponsored by Ihe Electrochem Soc- 
(NASA-TM-X-73600; E-9029) Avail: NTIS HC A02/MF A01 


CSCL 1 1F 

Formation of Na2S04(gl tn flames and hot flowing gas 
systems was studied by high pressure, free-iet expansion, 
modulated molecular beam moss spectrometnc sampling. 
Fuel-loan CH4-02 flames doped with SQ2. H20 and NaCI 
yielded the gaseous Na2S04 molecule in residence times of 
less than one millisecond. Intermediate species NaS02lg) and 
NaS03(gl were also observed and measured Composition profiles 
were obtained for all reaction products. Nonflome flowing gas 
experiments showed that Na2S04 and NaS03 gaseous molecules 
were formed at 1140 C in mixtures of 02. H20(g). S02 and 
NaCllgl Experimental results are compared with calculated 
equilibrium thermodynamic predictions Author 


DATA SUMMARY- Measurements of various gaseous species 
in flames; variables include ion intensity, burner surface to 
sampling orilicB distance, composition, fuel/oxidant mass ratio, 
temperature, and equilibrium constant: 4 figures and 2 tables 
include numeric data. 


N77-1921 1*# National Aeronautics and SpacB Administration. 
Lewis Research Center. Cleveland, Ohio. 

CREEP DEGRADATION IN OXIDE-DISPERSION- 
STRENGTHENED ALLOYS 

J. Daniel Whittenborger Washington Mar. 1977 36 p refs 

{NASA-TN-D-842 1 . E-88491 Avail NTIS HC A03/MF A01 
CSCL 1 IF 

Oxide dispersion strengthened Ni-baBe alloys in wrought bar 
form are studied for creep degradation effects similar to those 
found in thin gage sheet. The bar products evaluated induded 
ODS-Ni. ODS-NiCr, and three types of advanced ODS-NiCrAl 
alloys. Tensile test specimens were exposed to creep at various 
stress levels at 1365 K and then tensile tested at room 
temperature. Low residual tensile properties, change in fracture 
mode the appearance of dispersoid-free bands, grain boundary 
cavitation, and internal oxidation in the mrcrostructure were 
intern’ aied as creep degradation effects. This work showed tha 
many ODS alloys are subject to creep damage. Degradation of 
tensile properties occurred after very small amounts of creep 
strain, ductility being the most sensitive property All the ODS 
alloys which were creep damaged possessed a large gram size 
Creep damage appears to have been due to diffusional creep 
which produced dispersoid-free bands around boundaries acting 
as vacancy sources. Low angle and possibly twin boundaries 
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DATA SUMMARY: Diffusional creep and creep damage in 

nickel based alloys possessing large gram size: the variables 
include chemical composition, heat treatment, thermal stress, 
mechanical processing, grain size parameters, crystal structure, 
residual tensile properties, reduction in area, elongation, stress- 
strain-time relations; 3 figures and 5 tables 


N77-20201 * National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohia 

ZIRCONIUM MODIFIED NICKEL-COPPER ALLOY Peten* 

John D Whittenberger. inventor (to NA rf SAI -£T soa7 ( “ 
1977 5 p Filed 5 Jun 1975 Supersedes N75-26087 (13 

(NASA Z c!se-LEW- 12245-1; US Patent-4 012.237. 
llS-Pefent- Appl-SN-584034; US-Patent-Class- 1 48-2. 

US-Patens- Class-75-170; US-Patflnt-Class-148-127N. 
US-Patent-Class- 148-20.3; US-Patent-Oass- 148-323: 
US-Patent-Class- 148- 162) Avail: US Patent Office CSCL 

” F An improved material for use in a catalytic reactor which 
reduces nitrogen oxide from internal combustion engines is in 
the form of a zirconium-modified, precipitation-strengthened 
nickel-copper alloy. This material has a nominal composition of 
Ni-30 Cu-0 2 Zr and is characterized by mprovedhjghtempereture 
mechanical properties. Official Gazette of the U.S Patent Office 


N77-20203*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

THE NEW APPLICATIONS OF SPUTTERING AND ION 
PLATING 

Talivaldis Spalvins 1977 26 p refs Proposed for presentation 

at tha Design Fig. Conf.. Chicago. 9-12 May 1977. Sponsored 

(NAS^UTM-X-73551 ; E-8989) Avail: NTIS HC A03/MF AO I 
CSCL 11F 

The potential industrial applications of sputtering antt 'on 
plating are strictly governed by the unique features these methods 
possess. The outstanding features of each method, the resultant 
coating characteristics and the various sputtering modes and 
configurations are discussed Now. more complex coatings and 


75 


dev« D ped such as gratfBt) composition s , ruclures 
(matal eeram'c seals), laminated and dispersion strengthened 
composites which improve the mechanical properties mid hiah 
XZL'SP* 1 PBClf,C ' nduS,nfll areas "here future off on 
allov or rn m n d T P “T 9 W(l1 Ct "’ con| ' alfl davalop intricate 

ail discussed COa,i " SS a " d S ° lve difftcuh prohlem B "»s 

Author 


gas . Hsassr — ^ 

Engr . Montreal. 9-12 May 1977 

CSCL A T1F ^ 735851 E ' 89261 Avail ' NT,S HC A03/MF A01 

in « T ei!i!" 09 . raph L. W ^ s used 10 analvIB wear debris generated 
in a sliding elastohydrodynamic contact. The amount of wear 
debris correlates well with the ratio of film thickness to comp isite 
surface roughness. Essentially all of the generated wear pan cles 
were of the normal rubbing wear type Author 


^ 7 ^ 2 r 2 ? B * # . National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 

I!^o P cmPc U c CTS ,N THE CORROSION of Cr. Mo. T1 

H20 JESSES EXPOSE ° T ° 02 CON ™<'"«° 

C : Ef Vburg. Robert A. Miller (NAS-NRC). Fred J. Kohl 

at the stmn°T S r 1977 - 2 ’ p re,s pf °P° sad for presentation 
at the Symp. on Corrosion Probl. Involving Volatile Corrosion 

chem C Soc Phia ' 8 ‘ 13 M3V 1977; spQnso ' od by Electro- 

CSCL A 1 IF X ' 73S99; E ‘ 9074) Avoll: NTIS hc A02/MF A01 

Cooled target collection techniques were used to studv the 
format.On of volanle products when samples of Cr. Ti. IM 738. 
713C. NASA-TRW VIA and B-1900 were exposed. at elevated 
Sflm en ^" onmen ts containing H20(g) and 

Si rf P 8S WBre h ° a,Sd ,05 ° C ,n ono atmosphere of 
slowly flowing oxygen, saturated with water at 21 C and 

conta'rng about SO ppm NaCI(g). Volatile products were detected 
for a" materials except 6-1900 and Ti. High pressure mess 
spectrometnc sampling was used to directly identify volatile 
pdua ' 5 e,T, anating from samples of Cr and IN-738 subject to 
the above environments. Author 


N 77-20206*| National Aeronautics and Space Administration 
Lewis Research Center, Cleveland Ohio 
SUPERCONDUCTIVITY IN SPUTTERED CuMo6S8 
Samuel Alterovitz. John A. Woodllam, Lee Kammerdiner, Huey-Lin 
Luo. and Christopher Martin 1977 14 p refs Presented at 

the Conf. on High Polymer Phys . San Diego. Calif., 20-24 Mar 
1977: sponsored by the Am. Phys. Soc. 

(NASA-TM-X-73620; E-9083) Avail: NTIS HC A02/MF A01 
CSCL 11 F 

Samples were prepared by melting the metals, followed by 
annealing to various temperatures. The result vyas a structurally 
weak material. Sputtered films on sapphire substrates were 
prepared and studied. The substrates give the films mechanical 
strength and permit easy attachment of electrical leads. Materials 
were characterized by X-ray diffraction, electron microscopy, 
electrical resistance vs. temperature, and critical current 
measurements, Some of the results on CuMo6SB are pre- 
“ mad Author 


077-21216*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

2»5£ E .T T,8,UTV TO HOT CORROSION OF FOUR NICKEL- 
•.ASESUPERAUnYS. NASA -TRW VIA. B-1900. 713C AND 

1977 A 'l9 , p Br refs Fr8d J ' 6BO ' 9e C Fr V bur9 Apr 

CSCL* IF ° 8461 ; E ' 89?7> Aua!,: NT,S HC A02/MF A01 

s„no™nn^ IS ^ 0p,i ^ ili,V h0t corrosion °f four nickel-base, cast 
superalloys has been studied at 900 and 1000 C The test 

Na2S04 d C ° a H , | in9 a "° V 3amP ' eS “ i,h amountsTf 

Na2S04 and oxidizing the coated samples isothermally in 

monim° S rt h0re ° f Si0WlV f,owing on Vgan. the weight-gain being 
monitored on a sensitive recording microbalance. Susceptibility 

contem m T dfl " e8SBd in ,hs order of decreasing molybdenum 
content of the alloys. Preoxidation of samples before hot- 

rri markedly inc,ea3ed «ie induction period observed 
,h m ? ep ' 0n ° f hot cor ' osion for all alloys tested. X-ray 
fhat unrt«r a V ? h° f ' h ® ° B ' de SCalBS wera made. AN samples 
N?L?MnnT°. h °' cor,osion 8hov “ ed the presence of 0 
INuCo)Mo04 foyer near the alloy-oxide interface. Several 
specimens displayed resistance to hot corrosion and these showed 
mxl h 3 a , S 3 pro ™ nam f0a,u,a in their oxide scale. Our results 
d B mmnm». 8rpre .If 35 lndica ‘ mg ,hB * molybdenum in an alloy is 
beneficial. 8 h °' C °" 0si °"' while tantalum is 

Author 


N 77 .' 2 ! 217 *^ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio 

2pSS CHB0M,UM STA,NLESS STEEL ALLOYS P a ,. n , 

F°ed P ?5 R Apr eP t97 n 7 S A Ba,te «- mentors <«° NASA) 

2 A 43 ‘ 1 ; tJS. Patent- Appl-SN- 788044) Avail' 
NTIS HC A02/MF A01 CSCL T IF 

An austen "i c stainless steal alloy is provided which contains 

such »» ai^t" ah,pmium a8 compared with stainless steels 
ms s. A s Type 304 but whose oxidation resistance, corrosion 
resistance, strength and ductility are at least as good as those 
of such stainless steels. In a preferred embodiment, the alloy 
comprises by weight percent, iron-12 chromium-10 nickel-2 
«ir U T molybdenum-1.1 manganese-0.61 silicon-006 
a S0COnd pre,arred embodiment, the alloy comprises, 
by weight Percent, iron-12 chromium-10 nickel-2.65 Bilicon-1 1 
manganese-0.06 carbon NASA 


N^T-M 216 * 1 ? National Aeronautics and Space Administration. 
Lqwjs Research Center. Cleveland, Ohio. 

AND HEAT TREATMENT TO CAUSE 

St™” ■ oa “““ oa ""» '«««- 

Surendra g N^ Tewan and Robert L. Dreshfiald Washington May 

CSCL* 1F*' X 36,8: E ’ 897B> Avai,; NTIS HC A02/MF A01 

In an attempt to improve their longitudinal shear strength 
severa! directionally solidified eutectic alloy compositions with 
h . Bmem modifications ware pad, carburized, and heat 
treated to provide selective carbide precipitation at the cell end 
gram boundanes. The directionally solidified Ni- 17.6 Nb-6Cr-2 BAI- 

n 3 ?t, r Bh , , _ P * fCent) all °'' was 5elec,ed for 'he shear stronglh 
evfitmtronbecause it showed the shallowest delta-denuded zone 
at the carburized surface. The carburization-carbide precipitation 

sh,,:. 8 ,l a Th W o7the d aNoy 0t aPP8a ' '° ' mP '° V6 ,0nfl “ 


N77-22216*# National Aoronautics and Space Administration, 
i M W ie flissafch Center. Ctovolandj 

X BAY PHOTOELEcraON SPECTROSCOPIC STUDY OF 
fiiiftKiCE CHEMISTRY OF DIBENZYL-DISULFIDE ON 
STEEL UNDER MILD AND SE ^ EB %^ *f 8 C p OI ? 0 fa T,ON 

(NASA-TnImSO. ^8962) l<> Av a ,r V NTlS HC A 02 /MF AOI 

Wear tests wora performed on 304 stainless s ' 0e 'J.“ brlC p* a ? 
with pure mineral oil with and without dibanzyl-disulfid* Both 
mild and severe wear were observed The type of wear wa 
distinguished by a marked change in wear rate, friction coefficient 
end wear scar appearance. The chemical composition of the 
wear scar surface was examined with X-ray P ho, “°'° C ' " 

spectroscopy in conjunction with argon ion sputter etching. In 
severe wee. scars, a sulfide was lormod at the expense of he 
normal oxide layot In mild wear scars, thore were only superhcia 
sulfur compounds, but there was a substantial increase mjhe 
oxide thickness. 


N77 2323B*# Notional Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio A w»nATiniu nc 
VOLATILIZATION OF OXIDES DURING OXIDATION OF 
SOME SUPERALLOVS AT 1200 C 

tsido. Zaplatynskv Washington Apr. 1977 18 P rets 

INASA-TN 0 8462. £-89781 Avail NTIS HC A02/MF AU1 

CSC Vola'lLat,on of oxides during cyclic oxidalioii of commercial 
N.chrome. Inconel 750. Rene 4 I Stellite 62. -id GE-1 S41 was 
studied at 1200 C in static air Quantitative analysis of oxide 
vapor deposits revealed .ha. oxides of tungsten, molybdenum, 
niobium, manganese, and cti.om.iim volat.li.-ed Pmlerent.ally from 
the oxide scales Aluminum and silicon were no^ de.awed ^ 
vapor deposits For all the alloys except GE '54' 
was found to ho the main metallic elemani in the ox.de scales 


N77-23240* H Nanunal Aeronautics and Space Administration 

Lewis Resoaich Center. Cleveland, Ohio rnnnoSION 

HIGH VELOCITY OXIOATION AND MOT CORROSION 
RESISTANCE OF SOME ODS ALLOYS 

Carl E Uwell and Darnel L Oeadmore Apr ^ 7719p ’ * 

(NASA-TMX-736S6. £-91721 Avail NTIS HC AQ., Ml- AU 

CSC SaVera! oxide dispersion strengthened (CDS' alloys were 
lasted for cyclic high velocny. oxidation, and hot corrosion 

coating 


N77-23241*# National Aeionautics and 5pace Administration 
Lewis Research Comer. Cleveland. Ohio ..wwieicrr 

OXIDATION AND CORROSION BEHAVIOR OF 
COMPOSITION, LOW-CHROMIUM 304 STAINLESS STEEL 

JO^R Stephens and Charles A Barrett Washing, on May 

WaLl-TN - 0-8459. E-8872) Avail NTIS HC A03/MF AOI 

CSC Th 1 e , effacrs of substituting less strategic tlomunw ^han J. 
on the oxidetion and coiroslou insistence of AISI 304 stainless 
steel weie rnvesugntod Cyclic oxidanon tes, stance was evaluated 
u( 870 C Corrosion resistance was determined by exp - 
specimens to a boiling copper »cb solution of copp 
and sulfuric acid Alloy substitutes for was the 

Si Ti V, Y and misch metal. A level of about l-k, C 
minimum amount of O required for adequate ■£ 

cor, os, on , os, stance -n the modified 

«*■ This rap, esents^D ^ ^ and % l 2% C. pi- 
2°65% sfwere identified as mos, promising for mom detailed 
evaluation 


N77- 24250*# National Aeronautics and Space Administration. 

Lewis Research Center. Cleveland Ohio eniiniFIED 

DIFFUSION WELDING OF A D! SECTION ALLY SOLIDIFIED 
GAMMA/GAMMA PRIME - DELTA EUTECTIC AUOY 

Thomas J. Moore May 1977 12 P rofs A02/MF AO t 

(NASA-TM-X-3514: E-8766) Avail: NTtS HC A02/MI- fw\ 

CSC Ho l t-p F ress diffusion welding parameters wera developed tor 
a directionally solidified, gamma/gamme prime-delta svtact'c 
alloy. Based on metallography. a good diffusion weld was achieved 
at 1100 C under 34.5 MPa 15 ksl) pressure for 1 houc In 
addition, a dissimilar metal weld between gamM/B«m^ 
prime-delta and IN-100 was successfully made at 1 100 C under 
20.7 MPa 13 ksi) pressure for 1 hour. 


N77-24252*# National Aeronautics and Space Administration. 

Lewis Research Canter. Oev^and Ohio. oxide- 

cheep AND TENSILE PROPERTIES OF SEVERAL OxtDfc 
mWERMON-^ENGTHENEO NICKEL-BASE ALLOYS AT 

J 3 Dan brl Wittonberger Washington May 1977 24 p re's 
(NASA-TN-D-8422; E-88B2) Avail NTIS HC A02/M-- AOI 

CSCL ttF j . iocc v 

Tha tensile properties at room lemperaruro and at 1365 x 
and the tensile creep properties at low swam rotes at 1365 K 
were measured for several ox.de-d.spe^on-atrangthened (ODS) 

allovs. The altovs examined included ODS Ni. ODS Ni 20C . 
and ODS Ni-16Cr-AI. Motallography of creep tested, atge gram 
size ODS alloys indicated that creep of these alloys > 8 an 
inhomogeneous process, All alloys appear to P“«ss * »hm*hold 
stress for creep. This threshold stress ,s beheved ro be associated 
with diffusional creep in the large gram sue ODS «l oya end 
normal dislocation motion ,n perfect single crystal (without 
Transverse low angle boundaries! ODS alloys. Threshold stresses 
for large grain size ODS Ni-20Cr and Ni-16Cr-AI type a Hoys era 
dependent on the grain aspect ratio. Because of the deleterious 
effect of poor creep on room temperature mechanical P'°P««'e 8 
of large grain size ODS alloys, it is speculated that the threshold 
stress may be the design limiting creep strength property 


.477-24263*# National Aeronautics and Space Administration. 
Lewis Research Center. CtowlarA Ohio- EXPO SURE ON 

52 ES 5 U 

SION STRENGTHENED AND SUFERALLOY SHEET MATERl- 

* L Damel Whittenberger Washington May ® 7 £ ^ 

(NASA-TN-D-8493. E-9062) Avail: NTIS HC A04/Mr- 

CSC U’ effects of simulated multiple reentry into the earth's 

ssar 

nrvn rml sunerallovs Multiple reentry conditions wore simulated 

ssssiSvtf 

S tss aarft s:ai=r=s 

properties. 
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N77-24264*# National Aeronautics and Space Administration. 
Iawl3 Research Center. Cleveland. Ohio. 

HIGH TOUGHNESS-HIGH STRENGTH IRON ALLOT Patent 
Application 

J. R. Stephens and W. R, Witzke. inventors Ito NASA) Filed 
6 Jun. 1977 12 p 

(NASA-Case- Lew- 1 2542- 1 ; US-Patont-Appl-SN-803822) Avail; 
NTIS HCA02/MFA01 CSCL11F 

A steel alloy is provided which oxhibits excellent strength 

and toughness characteristics at cryogenic temperatures. The alloy 
consists essentially o! about 10 to 16 percent by weight nickel, 
about 0.1 to 1.0 percent by weight aluminum, and 0 to about 
3 percent by weight ol at least one of the following additional 
elements: copper, lanthanum, niobium, tantalum, titanium, 
vanadium, yttrium. zirconium and the rare earth metals, with 
the balance baing essentially iron. The steel alloy is produced 
by a process which includes using cold roltingat room temperature 
and subsequent heat treatment at temperatures ranging from 
500 to 850 C. and possesses a fracture toughness ranging from 
200 to 230 ksi and yield strengths up to 230 ksi NASA 


N77-26269*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

PLUGGING OF COOLING HOLf” IN FILM-COOLED 
TURBINE VANES 

Daniel L. Deadmoro and Carl E. Lowe '977 23 p refs 

(NASA-TM-X-73661; E-9178) Avail: .. .. HC A02/MF A01 
CSCL tIF 

The plugging of vane cooling holes by impurities in a marine 
gas turbine wa; closely simulated in burner rig tests where dopants 
waro added to the combustion products of a clean fuel (Jet-A), 
Hole plugging occurred when liquid phases, resulting from the 
dopants, wore present in the combustion products, increasing 
flame temperature and dopant concentration resulted in an 
increased rate of deposition and hole plugging. Author 


N77-29270*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

THERMOCHEMICAL ANALYSES OF THE OXIDATIVE 
VAPORIZATION OF METALS AND OXIDES BV OXVGEN 
MOLECULES AND ATOMS 

Fred J. Kohl. Denise Nt Leisz. George C. Fryburg, and Cart A. 
Stearns 1977 25 p rels Presented at Symp. on Corrosion 

Problems Involving Volatile Corrosion Products, Philadelphia. 
8-13 May 1977; sponsored by Etecfrocbem Soc. 
(NASA-TM-X-73682; E-9032) Avail NTIS HC A02/MF AOl 
CSCL 1 1F 

Equilibrium fhermochemicai analyses are employed to describe 
the vaporization processes of metals and metal oxides upon 
exposure to molecular and atomic oxygen. Specific analytic results 
for the chromium-, platinum-, aluminum-, and silicon-oxygen 
systems are presented Maximum rates of oxidative vaporization 
predicted from the fhermochemicai considerations are compared 
with experimental lesults for chromium and platinum The 
oxidative vaporization rates of chromium and platinum are 
considerably enhanced by oxygen atoms. Author 


N77-27214*// National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

THEORETICAL AND EXPERIMENTAL STUDIES Or THE 
DEPOSITION OF Na2S04 FROM SEEDED COMBUSTION 
GASES 

Fred J Kohl, Gilbert J Santoro, Carl A Stearns. George C 
Fryburg. and Daniel E. Rosner (Yale Univ.l 13 May 1977 29 p 
refs Presented at the Symp. on Corrosion probl. Involving Volatile 
Corrosion Prod.. Philadelphia. 8-13 May 1977; sponsored by 
the Electrochemical Society 

(NASA-TM-X-73683: E-903 I) Avail; NTIS HC A03/MF AOl 
CSCL 21 E 

Flames in a Mach 0 3 atmospheric pressure laboratory burner 
rig were doped with sea salt. NaS04, and NaCI. respectively, in 
an effort to validate theoretical dew point predictions mado by 
a local thermochemical equilibrium (LTCE1 method of predicting 


condensation temperatures of sodium sulfate in name environ- 
ments Deposits were collected an cylindrical platinum targets 
placed in the combustion products, and the deposition was studied 
as a function of collector temperature Experimental deposition 
onset temperatures checked within experimental error with 
LTCE-predicted temperatures. A multicomponent mass transfer 
equation was developed to predict the rale of deposition of 
Na2S04(c) via vapor transport at temperatures below the 
deposition onset temperature. Agreement between maximum 
deposition rates predicted by this chemically frozen boundary 
layer (CFBL) theory and those obtained in the seeded laboratory 
burner experiments is good. Author 


N77-27216"# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 

HOT CORROSION REStSTANCE OF NICKEL-CHROMIUM- 
ALUMINUM ALLOYS 

Gilbert J. Santoro and Charles A Barrett May 1977 35 p 

refs Presented at the 151st Meeting of the Eteclrochem. Soc., 
Philadelphia. 8-13 May 1977 

(NASA-TM-736641 Avail. NTIS HC A03/MF AOl CSCL 1 IF 
The hot corrosion resistance of nickel-chromium-aluminum 
alloy was examined by cyclically oxidizing sodium sulfate coated 
specimens in still air at 900. 1000 end 1 100 C. The compositions 
tested wore within the ternary region: Ni; Ni-50 at.% C': and 
Ni-50 at % A! At each temperature the corrosion data were 
statistically fitted to a third order regression equation os a function 
of chromium and aluminum contents. Corrosion isopleths ware 
prepared from these equations Compositional regions with the 
best hot corrosion resistance were identified. Author 


N77-28265* National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, OhiD. 

BIMETALLIC JUNCTIONS Patent 

Frank G Arcella (Wostinghouse Cnrp. Pittsburgh), Gerald G. 
Lossmann (Wostinghouse COtp, Pittsburgh), and Russell A. 
Lindbetg. inventors (to NASA) Issued 5 Jul. 1977 5 p Filed 
24 Oct. 1975 Supersedes N76- 13267 114 - 04. p 0429) 

< NASA- Case-LEW-t 1573-1 ; US-Patent-4.033.B04: 

US-Patent- Appl-SN-625733: US-Patem-Oass-228 190. 

US Patent Class-228-194: US-Patem-Cfass-228-232) Avail: US 
Patent Office CSCL 1 1 F 

The formation of voids through intardiffusion in bimetallic 
welded structures exposed to high operating temperatures is 
inhibited by utilizing an alloy of the parent materials in the 
junction of (he carom materials or by preonnoaling the junction 
at an ultrahigh temperature. These methods are also used to 
reduce the concentration gradient of a hardening agent 

Official Gazette of the U S. Patent Ofice 


N77-202S9*jjl National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

CRYOGENIC PROPERTIES OF A NEW TOUGH-STRONG 
IRON ALLOY 

Joseph Fb Stephens and Walter R. Witzke Aug. 1977 13 p 

refs Presumed at the 1977 Intern. Cryog. Mater. Conf.. Boulder. 
Colo-, 2-5 Aug. 1977 

INASA TM-73691. E-9226) Avail: NTIS HC A02/MF AOl 
CSCL 1 1D 

A program was undertaken to develop an iron-base alloy 
having a fracture toughness of 220 MPa m superscript 1/2 
with a corresponding yield stress of 14 GPa (200 ksi) at-196 C. 
An Fe-12Ni alloy was selected as the base alloy- Factors, 
considered included reactive metal additions, effects of intersti- 
tial impurities, strengthening mechanisms, and weldability. The 
goals were met in an Fo-t2Ni-0.6AI alloy strengthened by 
ihermoinochnnical processing or by precipitate strengthening with 
2 percent Cu. The alloy is weldable with the weld metal and 
heat affected zone in ihe postweld annealed condition having 
toughness equivalent to tho base alloy. Author 
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UK OF HEATING METH0D ON STRESS- R UP TU RE 

P«t« r T. Biion and Frederick D Calfo Jul 1977 7B „ „,r c 
CSCmI F* 73738r E ' 9208> Avail: NTIS HC A03/MF A02 

hll aHac < of f 8diant(fumace). resistancolelectrrc currem), 
urnerihot gas stream), and a combination of resistance and 
"“r™ intermediate time (1 00 to 300 hr) stress-rupture 
life and reduction of area was evaluated. All heating methods 
were studied using the nickel-based alloy Udimet 700 while all 
Mir M , «no h f® , n9 J W9,B avaluated ««**» fhe cobalt-based alloy 
s’ o u, urn 't rBSU,,S ° f ° ,har su Peralloys were 
t°u n 20 u r 30 Ptudy. Resistance heated specimens had 
l ° 3 POrcen ' ° f ,hB =*fess-rupture life of radiant 

heated specimens. The limited burner heating data showed about 

tests A mm l Ruction as compared to the radiant heated 
^uctlT 9 '' 61<amina " 0n ga “ e no e»planation for these 

Author 


N77-32279" National Aeronautics and Space Administration 
lewis Research Center. Cleveland. Ohio 

DIRECTIONALLY SOLIDIFIED EUTECTIC GAMMA PLUS 
BETA NICKEL-BASE SUPERALLOYS Patent 

Issued 30 J a CK5D , n Q -,'i Ve c' 0r NASAI fGE SPhonectady. N.Y.) 
NASA 30 AUa 977 5 P R,EK ' ' Jun 1976 Sponsored by 

tNASA-Case-iEW-12906 t; US-Patam-4.045 255 
US-Patent Appi-SN-eS 1936; US-Patem-Clos s : 148-32 
US-P.,tent-Class;75-V70) Avail; US Patent Office CSCL t IF 
A directionally solidified multivariant eutectic gamma - beta 

ald 01 " da " on resistance properties is provided This 
oemenr h 2^“ euIec, ‘ c s<,uc,ur ® containing, on a weight 
cobah L b dn S ' f? 50 !un 9Stan. 85-14.5 aluminum. 0 0-35 0 

phase n c r a , ft b1 l an m f" 9 ^ Embadded w "h,n the gamma 
pnase nickal-base marro. are aligned eutectic beta phase 
(primarily iNiCoJA!) reinforcing lamellae 

Official Gazette of the U S Patent Office 
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nickel base alloy p«tam 

feued C 6 F sZT 0 ,W J - Wa ' BfS ' <>° ^SA) 

N76.1424 7 T)4 05 3 ° °“' WS Supe “ 

iNASA-Case-LEW-t 2270- 1 ; US-Patont-4.046.560 
US P.itent-App|.SN-645S07. US-Patent- Class-75- 170 
US-Putont-Ctass- 148-32 5) Ava.i US Paten, Office CSCL 


lions 5™ S i! P ”"“ v fo ' uso a > tomperatures of 2000 F 
C. . Cl .0 2200 F 1 1 20S C) was developed for use as stator 
v«no materia, rn advanced gas turbine engines, The alloy has a 
nomina) composition ,n weigh, percent of IB tungsten 

c ° ,umbium - 03 

Official Gazette of the U.S Patent Office 
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mZ’! A D 'f hri « ld >977 19 p ,ofs Presented at the 

106th Ann Meeting of the Am. Inst, of Mining MBtalluroir-nt 
and Petrol Engr . Atlanta. 6- 10 Mar 1977 MB < a Hurg.caL 

i N Scf HE ‘ X 73663; £ ‘ 9 ’ 83 ’ Avai,: NT1S HC A02/MF A01 

(a. wipr^n^oo 0 ." W f perfpm,ad as-hot-isosiutically. pressed 
tAs Mt! I Reno 95 To obtain additional information on the variation 

1^ ™“"' °' ® amma prima solutioning temperatums 
"‘fee ' ga ' , ' r T a solvus temperature and the muting 

,eni ' la and 5t,ess rupture sirength of As-HIP Rene' 95 B 

rate ofTh ° ~ P"™ phaSB was fouad «° me, ease .fa 
,rato of about 0 5% per degree Celsius as the temper.’ure 


decreased from the solvus temperature to about 50 C below 
the gamma prime solvus temperalure The change in the amount 

w.s fl TeVe7?o P r° d , BCreaSin9 5Q,u,| onmg l tempermure 
w “ ““served to bo primarily associated with decreeemn 

^mmaphas[. A ' tT1 ^ b ^ mCreBSinB S0 '“ bili, V °» * in the 

Author 


OF cSsMRMs" 0 ' 1 C ° NTENT ° N F » ,CT '°N AND WEAR 

Donaid H. Buckley Sep. 1977 22 p refs 
mSA-TP-,052 E-91,0) Avail NT, S HC A02/MF AO, CSCL 

Fnction and wear experiments ware conducted with cast 

m tho° alloTsfuc'ture t romacTwit'h '^loT^meT Q ^ 

s sras 

sensitive to carbon content than was whita Wear with nl' 

F»3S£»?a55 


jjj-sa zt“a‘zz7s,“ «— «~ 

Soc a, Lubrication Engineering and ASME P ° nS °' eCl bV Am 
CSCL HF 73698 E ' 91 °” Avai ' NT1S HC A03/MF AOl 

The rotting element fatigue Eves of AMS 5749 and AiSI 

^!S,m:var Ti ; aBBu ";' na t'-9' 0 ' lolVBdb ^ at - m 

amq KTAn y !” VAM ' ' n five bail tests. VfM-VAR 
M SO c 9 , 93Ve IVBS at ieas > s’* "mes that of VIM VAR AISI 
M-SO Similar tests m the rollmg contact fatigue tester showed 


N77-322BB*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

FERROGRAPHIC ANALYSIS OF WEAR DEBRIS ne uct 
TEWS ' W ACCEL£ " ATED NOTING ELEMENT FATIGUE 

William R. Jones. Jr and Richard J. Parker Oct 1977 22 n 

3°5 0c,'T 9 n 77 d a ‘ J °' n ' L “ b,lca "° n C**'- City. Mo 

and ASME ' COSp ° nSOred hy Am Soc Lubrication Eng 

cscfl IF 73715 E ' 92601 Aval1 NT,S MC A02/MF A01 

ac,eW,l V H PS K r* 1 ?” anWi0S of WBar Panicles generated during 
accelerated ball rolling contact fatigue tests were determined 9 

Ball specimens were mado of AMS 5749. a corrosion resistant 
high-temperature bearing steel. The tubnean, was a supur-refined 
— n 6 ? 0l1 ' ,^ ,ndlt ' ons included a maxtmum Hertz 

Speed of 10 000 10 IO IhB . 9lh power Pa and a sh8ft 

® P " d , L 0 - 000 r P m Four >VP«s of wear partrcles were observed' 

a“ tr^mTf ^ ,B, ' 9Ue 5Pa " pa "' Bl - 

Author 
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N77-IU1)'i Nitioml Aaromutici and Spaca Adminixtration. 
Lewis Rtuirch Center. Cleveland. Ohio. 

BURNER RIO ALKALI SALT CORROSION Of SIVCRAL 
HIGH TEMPERATURE ALLOTS 

D. Deidnwre end C. Lowell 13 Muy 1977 20 p iaf» Praaantad 
at the 1 Slat Meeting of the Electrochemical Soc.. Inc.. Philadel- 
phia. 8-13 May 1977 

[NASA-TM-X-73659; E-91781 Avail: NTlS HC A02/MF A01 
CSCL 1 1F 

Tha hot corroaion of five alloys was studied in cyclic teL» 
In a Mach 0.3 burner tig into whota combustion chamber various 
aqueous salt solutions were injected. Three nickel-baaed alloys, 
a cobalt-base alloy, and an iron-base alloy ware studied at 
temperatures of 700. 800. 900. and 1000 C with various salt 
concentrations and compositions. The relative resistance of l!v» 
alloys to hot corrosion attack was found to vary with temperature 
and both concentration and composition of die injected salt 
solution. Results indicate that the corrosion of these alloys is a 
function of both the presence of salt condensed as a liquid on 
the surface and of the composition of the gas phases present. 

Author 


N77-SS)18*f National Aeronautics end Space Administration, 
lewis Research Center. Cleveland. Ohio. 

THE l&flQQ-HOUR CTCUC OKIOATTON BEHAVIOR AT 
ili C IIBOOf I Of S3 WOH -TEMPERATURE ALLOTS 
Charles A. 8a nett 1977 9 p rtfs Presented el Environ. 
Effects and D eg ra d ation of Eng. Meter. Oonf.. Blacksbu rg, Va.. 
10-12 Oct 1*77: sponsored by Ve. Pofytech. Inst. 

IMAEA TM-73707: E-9246) Aval NTIS HC A02/MF A01 

csa iif 

Otramefriff htflh- temperature Fa-, N-. and Go-baaa affoye 
wars osidited in air at ITBC fix ten 1000-hour cyctee. 
SpeaMc change venue time corvee were d erived and 

tba TWOO-hour eurtece oektaa were anafyied by X-ray detraction, 
fba pays were ratOad by a ueudwietion of appearance end 
indBRlM asthnatee derived horn gravimetric data. Airihor 


A77-11561 * Maintaining an elongated grain structure after 

deformation r.l mechanically alloyed NiCrAIY. D. M. Trela, T. K. 
Glasgow (Cxsa-Western-Reserve University, Cleveland, Ohio), and L. 
J. Ebert (\ASA, Lewis Research Center, Powder Metallurgy Section, 
Cleveland. Ohio). Metallurgical Transactions A - Physical Metallurgy 
and Materials Science. «ril 7A, Oct 1976, p. 1593-1595. 5 rets. 
Grant No. NGR-36-003094 


A77-12204 * Monitoring crack extension in fracture tough- 

ness tests by ultrasonics. S. J. Klirna, D. M. Fisher, and R, J. Buzzard 
(NASA. Lewis Research Center. Cleveland. Ohio). Journal of Testing 
and Evaluation, vol. 4, Nov. 1976. p. 397-404. 9 rels. 

An ulliasonic method ivas used to observe the onset of crack 
extension and to monitor continued crack growth in fracture 
toughness specimens durhg three-point bend tests, A 20-MHz 
transducer was used with commercially available equipment to detect 
average crack extension less than 0.09 mm. The material tested was a 
300-grade maragmg steel in the annealed condition. A crack 
extension resistance curve was developed to demonstrate the 
usefulness of the ultrasonic method tor minimising the number of 
tests required to geneiato such curves. (Author) 


A77-15POO * Growth kinetics of gamma-prime precipitate* 

In • directionally solidified cuteclic, gamma/gamma-prime-deltt. S, 
N, Tewari (NASA, Lewis Research Cental , Materials and Structures 
Oiv., Cleveland. Ohio). Metallurgical Transactions A ■ Physical 
Metallurgy and Materials Science, vol. 7A, Aug. 1976, p. 1 237 ■ 1 239. 
10 refs. 

A directionally solidified eutectic alloy (DSEA). of those viewed 
as potential candidates for the next generation of aircraft gas turbine 
blade materials, is studiod for the gamma-primo growth kinetics, in 


the system liii-Nb-Cr Al, specifically: Ni-20w oNb-6w oCr-2.5w. o 
A I gamma/gumma-prime-delta DSEA. Heat tieatnient, polishing and 
etching, and preparation for electron micrography are described, and 
the size distribution of gamma-prime phase following various anneals 
is plotted, along with gamma-prime growth kinetics in this specific 
DSEA, and the cube of gamma-puine particle size vs anneal rime 
Activation energies and coarsening kinetics are studied. R.D U 


A77-V7056 * Dissolution kinetics ol small amounts of nxy 

gen in tantalum alloy T-111 and internal oxide displacement 
reactions during annealing. S. Slecura (NASA. Lewis Research 
Center. Cleveland. Ohiol. Oxidation of Metals, vol, to. Oct 1976. p 
291 309. 35 lels. 

Oxygen was added to T 1 1 1 (Ta 8VV 2H1, wt. -\>) ar S20 and 990 
C at an oxygen prussuie ol aboul 00003 tori. The technique 
employed permuted predctei mined and " ,'ioducible doping ol 
T-t 1 1 up to 3.0 at "a oxygen. Based art tin. lempeiatuie dependence 
of the doping rt*aciion, u ts caucludijd that the initi.il r.ues L>t oxygon 
pickup are probably conuQhfid by solution of :nt0 -he Till 

Intticu. Although hafnium oxides sire more stable than those of 
tantalum or tungsten, analyses of extracted rescues indicate that the 
lattei oxides predominate in the as doped specimens, presumably 
because of the higher concentrations of tantalum and tungsten n the 
alloy . However, high -temperature annealing promotes oeitenng of 
dissolved oxygen and of other oxides to form hafnium oxides. Small 
amounts at tantalum and tungsten oxides weie still present after 
high-temperature annealing. Tungsten oxide (W031 volatilizes 
slightly from the surface of T ill at 990 C. The vaporization ot 
W03 has no apparent affect on the doping reaction. i Author 1 

DATA SUMMARY- Study of the doping leaction of T-111 aMov 
with oxygen at doping tempeiatures of B20 and 990 0 and the 
distribution of oxygen m the doped condition as well as after 
annealing at 1320 C for 2 hr: variables ar e impurity concentiation. 
doping temperature, doping time, annealing temperature weight 
gain, oxygen count, oxygen concentration, diamond omm hardness, 
distance from sample surface, residue content X »av ddftact’n*-* 
spacing: 5 figures and 5 nbles include numeric data. 


A77- 18494 * Effects ot alloy communion m alleviating 

embrittlement problems associated with the tantalum alloy T in 

R. Stephens (NASA. Lewis ReM.inh Center. l'(evei,»rui Oho' 
Joirnol ot the Less Common A hints vol 51 Jan 19.’ 7. p 93 1M 
U* rets. 

The causes of aging emhiittlement in Till (TaBW 21-111 and 
the ellerts ol alloy modification wen- investiuateii. Results showed 
that T-111 contains a critical combination ot tungsten ami hatmum 
dial leads to loss ot duclilitv at 1 96 'C after aging mui 1 0-10 C 1»us 
apiHtai* to occui because tungsten enhance* hafnium scgiegaSion to 
gram tiovmri.li k-s ami tins also leads to increased susceptibility to 
hydrogen v-ntbi ittlement Aging embrittlement was not observed m 
tantalum alloys with icduced tungsten or hainnnr contents how 
bvbi, most ot the alloys studied have lower site -th. ">an MU anil 
exhibit susceptibility to hydrogen embrittlement. t Author 1 

DATA SUMMARY: The eflecrs ol pie-ge annej'mg teimvi June at 
the lange 1650 19S0 C and ot aging temperature in U»: tangr 
925 1 150 c on the benri ductility o* alloy specimens aie ■ \umtned. 
variables are aging time, agmg lempeiatuie, annealing tempeiatu.e 
oxygen content, mttovien content, hydrogen comom, bend riuct * 
ultimate tei-sile sties*, anil lower yield sow* seven futures and two 
tables include numcMC data. 


A77 20236 * Discussion of 'Unusual potential drop during 

th« application of the electrical potential method in a fracture 
mechinio test' by V. Bach man n and D. Munz. J. L. Shannon. Jr. 
(NASA. Lewis Research Centei. Cleveland, Ohio! Journal of Testing 
and Evaluation, vol. 4. Nov, 1976. p. 425. 

DATA SUMMARY: No numeric data are presented. 
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A77-21039 * Effect of thermal eyciiitq on the micro- 

structure of a directionally solidified Fe, Cr. AI-TaP eutectic alloy. F. 
H. Harl (NASA, Lewis Research Center, Cleveland, Ohio) and S. N. 
Tewari, Metallurgies! Transactions A ■ Physical Metallurgy and 
Materials Science, vol. 8A. Jan. 1977, p. 202, 203. 7 refs. 

Cylindrical bars (1.2 cm diameter) of Fc 13.6Cr-3.7AI-9TaC (wt 
%) eutectic alloy were directionally solidified in a modified Bridgman 
type furnace at 1 cm/h. The alloy microstructure consisted of aligned 
TaC fibers imbedded in a bcc Fe-Cr-AI matrix. Specimens of the 
alloy ware thermally cycled from 1100 to 425 C in a burner rig. The 
effects of 1800 thermal cycles on the microstructure was examined 
by scanning electron microscopy, revealing a rig-rag shape of TaC 
fibers aligned parallel to the growth direction. The mechanism of 
carbide solution and repreciprtation on the (11 1 ) easy growth planes, 
suggested previously to account for the development of irregular 
serrations in Co-Cr-Ni matrix alloys, is believed to be responsible lor 
these zig-zag surfaces. g j 

DATA SUMMARY : l\Jo numeric data are presented. 


Recrystallization as a controlling procei- in 
the wear of some f.c.c. matals. R. C. Sill and O Wisander (NASA 
Lewis Research Center. Seals Section. Cleveland, Ohio' Wear vol' 
41, Feb. 1977, p. 351-363. 15 refs. 

J? etailetl examin ation of copper specimens alter sliding against 
440 C steel in liquid methane at speeds up to 25 mis and loads of up 
to 2 kg showed the metal comprising the wear surface to possess a 
fine cell recrystallized structure Wear proceeded by the plastic 
shearing of metal in this near surface region without tne occurrence 
of visible metal transfer. A dynamic balance between the intense 
shear process at the tui face and the nucleahon of recrystallized 
grains was proposed to account for the behavior of the metal at the 
wear surface. Sliding wear experiments were also conducted on Ag, 
Cu-10% Al, Cu-IOS, Sn, Ni and Al. It was found that low wear and 
the absence of heavy metal transfer were associated with those 
metals observed to undergo recrystallization nucleation without prior 
recovery. {Author) 

DATA SUMMARY The wear rate of copper is studied as a function 
of normal load and a<so as a function of sliding velocity; variables are 
wear rate, normal toad, sliding velocity, layer thickness, wear volume, 
and stacking fault energy; two figures and two tables include numeric 
data. 


A77-21620* Metal powder reactions in bell milling. A 

Anas (NASA, Lewis Research Center, Cleveland, Ohio). I & EC - 
Industrial and Engineering Chemistry Product Research and Deuel 
opment, vol. 15, June 1973, p. 142-152. 5 refs. 

On milling chromium powder in three metal chlorides and either 
chromium or nickel powders u, ten organic liquids representative of 
nine different functional groups, the powders always reacted with 
the liquids and became contaminated with elements from them. The 
milled powders had specific surface areas ranging from 0.14 to 37 sq' 
m/y. and the total contamination with elements from the milling 
hquid ranged from 0.01 to 56 wtfi. In most milling runs, compounds 
'esultiuq from substitution, addition, or elimination reactions formed 

un°^iL r a 0rn ltlC mil,mg lit,uld - and in rnost '“"I with organic liquids 
H2, CH4, end C02 were generated. lAuthor) 

DATA SUMMARY: Diverse data are presented, variables include 
percent powder recovered, solid-phase 02 concentration, solid-phase 
C concentration, solid-phase H2 concentration, powder surface, total 
pressure increase in ball mill during run. milling time, gas-phase H2 
concentration, gas-ohase CH4 concentration, gas-phase C02 con- 
centration. 


concentrations were produced from prealloyed powders. Several 
notable affects of C and Hf concentration in the alloys were 
observed. Both the amount of the gamma-prime phase and its solvus 
temperature increased with decreasing C. but only the gamma-prime 
solvus was affected by Hf, increasing with increasing Hf. Hf also 
promoted a cellular gamma-prime precipitation. Hf was. however, 
about equally distributed between gamma-prime and gamma. Hf and 
C both affected the carbides formed. Increasing both promoted 
formation of an MC relativ' to that of an M6C. (Author) 

DATA SUMMARY: Gamma-prime solvus temperatures arc studied as 
a (unction of C and Hf concentrations; variables are concentration, 
phase content, and gamma-prime solvus temperature, four figures 
and two tables include numeric data. 


A77-26393 * » Low vapor prossure braze alloys for thermion- 
ic energy convertors. V. L. Bair (NASA. Lewis Research Center 
Cleveland. Ohio). Institute of Electrical and Electronics Engineers 
Conference on Plasr -.a Science. Austin. Tex May 
24-26. 1976. Paper. 10 p. 6 refs 

Preliminary results in the use of some low-vapor-pressure braze 
alloys are reported; these are binary alloys of refractory metals (Th, 
r Hf. Ru. Nb, Ir, Mo, Ta, Os, Re, W) with vapor pressures below 
0.1 nanotorr at 1500 K or 10 m.crotorr at 2000 K The melting 
point minima or eutectics of the alloys range from 1510 K to above 
300D K. Melting points and surface wetting on a Ta base are given 
Results are presented on brazing of Ir, LaB6. Nb. Re, W, and Zr02 
(with 22 wt % Zrl into a Ta base or a Mb 1% Zr base The results are 
applicable ,n electrode screening programs for themuonic cesium 

dl0des R n u 

DATA SUMMARY- A Knoop microhardness and composition 
analysis is presented lor the braze materials used, variables are 
melting point, apparent. brazing temperature. Knoop microhardness, 
and chemical composition; three tarries include numeuc data. • 


A77-26397 * Estimation of conjugate gamma and gamma- 

prime compositions in Ni-base suporalloys. R L. Dieshlicld (NASA 
Lewis Research Center. Cleveland, Ohio). National Bureau of 
Standards, Workshop on Applications of Phase Diagrams in Metal 
lurgy and Ceramics, Gaithersburg. Md,. Jan. 10-12. 1977, Paper 29 
p. 32 refs. 

To control the formation of unwanted phases superalloy 
metallurgists have developed methods of estimating the comnos.tion 
of the metnx phase of alloys. That composition is then used to 
estimate the alloy's propensity toward sigma and other unwanted 
phase formations upon prolonged exposure to elevated tempeiahncs 
in service. This paper reviews two approaches foi estimating phase 
composition from the melt composition. One method is based on 
assigning essentially fixed stoichiometry to precipitating phases and 
IS typified by 'PHACOMP' The second method uses analytical 
geometry to interpret chase diagrams and is shown to be applicable 
to a two-phase region of a six-component Ni base system The 
geometric method is also shown to be applicable to commercial 
Ni-base superalloys. f Audio.) 

DATA SUMMARY Diverse data are presented; variables include 
alloy composition, amount of alloying addition, amount of gamma 
prime phase, gamma-phase coefficient, gamma-pi ime-phase coeff. 
cicnt, Ni-AI-Cr-Ti phase diagram at 750 C, NiCr-AI phase diagiam at 
750 C. Ni-Cr-AI phase diagram at 850 C. Ni-Cr-Ti phase diagram at 
750 C, Nt-Ti-AI phase diagiam at 750 C. 


A77-23239 * Effects of C and Hf concentration on phase 

relations and microstructure of a wrought powder-metallurgy super 
alloy. R. V. Miner, Jr, (NASA, Lewis Research Center, Cleveland 
Ohio). Metallurgical Transactions A Physical Metallurgy and 
Materials Science, vol. 8A, Feb. 1977. p. 259 263. 10,-efs. 

NASA IIS-11, a candidate alloy for advanced temperature 
turbine engine disks, and four modifications with varying C and Hf 


A77-2870? * Weldability of high toughness Fe-12% Ni 

a loyi containing Ti. Al or Nb. J. H. Devletian (Youngstown State 
Untvers'ty, Youngstown. Ohio), J. R, Stephens, and W. R. Witzke 
(NASA, Lewis Research Center, Cleveland, Ohio). ( American Weld- 
ing Society, Annual Meeting, 58th, Philadelphia, Pa., Apr. 25-28, 
797ZJ Welding Journal, Research Supplement, vol. 56. Apr. 1977. p. 
97-s to 103-s. 7 refs. Research supported by the American Society 
for Engineering Education and NASA. 

Three exceptionally high-toughness Fe-12%Ni alloys designed 
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lor cryogenic service vvure welded using the GTA welding process 
Evaluation of weldability included equivalent energy (Kind) (lecture 
toughness tests, transverse-weld tensile tests at 1 0B and 25 C and 
weld crack sensitivity tests. The Fe !2%Ni 0.25%Ti alloy proved 
extremely weldable lor cryogenic applications, having weld and HAZ 
properties comparable with those of the wrought base alloy The 
Fo-12%Ni-0.b%AI had good weld properties only after the weld joint 
was heat truated. The Fe12%Ni-Q.25%Nb alloy was not considered 
weldable for cryogenic use because of its porn weld joint properties 
* at -106 C and its susceptibility to hot cracking. (Author) 


A77-2MS9 * Thermal-stress fatigue behavior of twenty-six 

luperalloyi. P T. Btzan (NASA, Lewis Research Center. Cleveland, 
Ohio) and D. A. Spera. In: Thermal fatigue of materials and 
components; Proceedings of the Symposium, New Orleans, La.. 
November 17. 10, 1976. (A77-29B52 12-26) Philadelphia. Pa., 
American Society for Testing and Materials, 1976. p. 106-122. 17 
refs. 

The comparative thermal-stress fatigue resistances of 26 nickel- 
and cobalt-base alloys were determined by fluidized bed tests. Cycles 
to cracking differed by almost three orders of magnitude for these 
materials, with directional solidification and surface protection 
showing definite benefit. The alloy-coating combination with the 
highd.t thermal-stress fatigue resistance was directionally solidified 
NASA TAZ-8A with an RT-SP coating. Its oxidation resistance was 
also excellent, showing approximately a 1/2 percent weight toss alter 
14,000 fluidized hed cycles (Author) 


A77-33105 * Stress rupture resistance. J C. Freche (NASA. 

Luwis Research Center, Materials and Structures Div . Cleveland. 
Ohio) In Alloy and microslructura! design (A77-33I0) 14 261 New 
York. Academic Press. Inc.. 1976. p 145 1 73. 29 refs 

Principles underlying thu desitpi ot metallic systems lot stress 
rupture resistance ore outlined by considering the specific case 
studies of cobah amf nickel base supetalluys Ways m which 
superullov'S cun Ire designed lor high stress rupture resistance are 
discussed. In describing the alloying procedures, the strengthening 
mechanisms involved and methods ot avoiding phases detrimental to 
stress rupture resistance ate identified. Now processing techniques 
such as continued solidification, piealluyed powdei ptticessinrj, and 
autoclave heat treatments are described as further means ut achieving 
increased stress rupture resistance in siqrer alloy and otfiei systems 

SO 


A77-33176 * Effects of long-term aging on ductility and 

microslructura of Cb and Mo nlloys. J. R. Stephens (NASA. Lewis 
Research Center, Cleveland, Ohio). Metallography, vol. 10, 1977, p. 
I 25. 10 refs. 

A progiam was conducted to determine if aging embrittlement 
occurs in columbium-base alloys C-1Q3, Cb-tZr, and Cb-7S2 or 'n a 
molybdenum alloy, Mo-TZM. Results showed that aging embrittle- 
ment does not occur in C-103. Cb-IZr. oi Mo-TZM during long-term 
(1000 hour! aging at temperatures m the rangB of 700-1025 C. In 
comparison, aging embrittlement occurred in die Cb-752 alloy after 
similar aging at 900 C. A critical combination of the solute additions 
W and Zr led to Zr segregation at grain boundaries during long-term 
aging which subsequently resulted in embrittlement os Indicated by 
an increase in the ductile-brittle transition temperature from below 
•196 C to about -150 C. (Author) 


A77-333S9 * « Potential structural metoria! problems in a 
hydrogen energy system. H. R. Gray (NASA, Lewis Research Center. 
Cleveland. Ohio), K. G. Nelson (NASA, Ames Research Center. 
Moffett Field, Calif.), R. E. Johnson (NASA, Johnson Space Center, 
Houston, Tex.), W. B. McPherson (NASA, Marshall Space Flight 
Center, Huntsville, Ala.), F. S. Howard (NASA, Kennedy Space 
Corner, Cocoa Beach. Fla.l. and J. H. Swisher (ERIJA, Washington, 


D.C.). In: World Hydrogen Energy Conference, 1st, Miami Beach, 
Fla.. March 1-3, 1976, Proceedings. Volume 2 |A77 33326 14-44! 
Coral Gables, Fla.. University of Miami. New York, Petgamon Press. 
1976, p. 99-15 to 99-39. 49 ruts 

Potential structural matanal problems that may bo encountered 
in the three components ol a hydrogen energy system production, 
trensmission/storagn. and utilization - have been identified. Hydrogen 
embrittlement, corrosion, oxidation, and etaiion may occur during 
the production ol hydrogen. Hydrogen embrittlement is of major 
concern during both transmission and utilization of hydrogen 
Specific materials research and development programs necessary to 
support a hydrogen energy system ate described. An awareness ol 
probable shortages ot strategic materials has been maintained in these 
suggested programs. (Author I 


A77-35962 • Flailing at AIS! 9310 and selected (ratting 

resistant surface treatments. R C Silt (NASA. Lewis Research 
Center, Cleveland, Ohio). American Socrery of Lubrication Eng< 
neers Annual Meeting 32nd, Montreal Cjnatla May 9 12 1977 
Paper 23 p 16 tels 

Fretting (svat expetimmts were conducted svith uncoated AISI 
9310 mating surfaces, and with combinations incorporating a 
selected coating to one of the mating surfaces. Weai measurements 
and SEM observations indicated that surface fatigue, as made evident 
bv spe’lation and surface crock formation is an important mecha- 
'*>m in promoting betting wear to uncoaled 9310 Incseasing 
humidity resulted in accelerated netting anil a very noticeable 
difference in nature of the hefting dele's Ot tile coatings evaluated 
aluminium bronze with a polyester additive was most effective at 
reducing wear and minimizing fretting damage to the mating 
uncoated surface, by means of a self lubricating him that developed 
on the fretting surfaces Chromium plate jjetloimml as an effec.mi* 
protective coating, itself tesishng Itvthng and not acoderating 
damage to the uncoated surface (Author) 


A77-36099 * The affect of delta T -oxidizing temperature 

minus cooling temperature/ on oxide spallation D L Deaumore and 
C E Lowell (NASA. Lewis Research Cenlei. Cleveland Oluoi 
Ovulation ol Metals, vol It. Apr 1977. p 91 106 12u'ts. 

Several alloys (one non base and hve nickel bau'l wi-ni cvdically 
oxidized in a senes of tests in winch tie' lugte-i temperature! 1 UK) or 
1200 C) of ttie cycle was lived at a lever to allow ample ovulation in 
reasonable tune and (he lower temperature wus variable to allow 
cycle temperature differences ot up to 1400 C Fot ail nickel alloys, 
as delta T increased the extent of spoliation increased This effect 
was attributed to thetmal expansion mismatches between the oxide 
and the nickel sulntmu- The FeCrAI alloy was not sensitive to delta 
T and resisted spalling at delta 7 levels to 1400 C FeCrAI. and the 
AI203 scale which forms on it. have thermal expansion coefficients 
which are substantially more alike than any ot the other oxide-motal 
combinations tested ( Author ) 


A77-37B75 * * Toward mote environmentally resistant gat 
turbines • Progress in NASA-Lewis programs. C. E. Lowell, S. J 
Grisaffe, and S. R. Levine (NASA. Lewis Resnaich Center, Cleveland. 
Ohio), Conference on Gas Turbine Materials in j Marine Environ- 
ment, 3rd , Both, England, Sept 20-23, 1976, Paper. 23 p. 15 rels. 

The paper surveys programs foi improving the environmental 
resistance of gas turbine and power syslem materials to oxidation 
and hot corrosion. A computer program Corest has been produced 
which provides an initial method for predicting long-time metal loss 
using short-time oxidation data. The role of the coefficient of 
thermal expansion mismatch on oxide spallation is bolng studied. A 
paralinnor oxidation attack model in caniunctton with regression 
analysis of weight change data has been applied to the study ol 
oxidation and hot corrosion attack of some Ni-Cr-AI system alloys. 
Oxide-dispersion strengthened alloys based on the Nl-Cr-AI system 
are being developed. Sodium sulfate formation during turbine 
combustion is bolng investigated from a thermodynamic viewpoint. 

M.L, 


A7 7-38371 • Mechanism of beneficial effect of tintakini in 

hot curtailin' of nickel -bate tupofalloyi. G. C. Fr> burg, C. A. 
Stearns, and F. J. Kohl (NASA, Lewis Research Center. Cleveland, 
Ohio). Electrochemical Society. Journal, vol. 124, July 1977, p. 
1147. 1148. 

X-ray diffraction and electron microprobe analyses wore used to 
examine a prominent NaTa03 pattern formed in a number of 
nickel-base superaltoys. It is found that a beneficial effoct of 
tantalum with respect to hot corrosion attack arises from the ability 
of Ta205 to tic up Na20 and prevent the formation ol a molten 
Na2MoC>4 phase. BJ. 


A77-3B922 * * Application of Strtinrange Partitionittg to the 
prediction of creep-fatigue lives of AISI Types 304 and 316 starnleu 

steel. J F. Sattsman and G. R Halford (NASA, Lewis Research 
Center, Cleveland. Ohio). (American Society ol Mechanical engi- 
neers. Conference on Petroleum Mechanical Engineering and Pressure 
Vessels and Piping. Mexico City , Mexico. Sept 19-24. 1976. Paper 
76 PVR 26 I ASME Transactions Senes J Journal of Pressure 
Vessel Technology, vol 99, May 1977. p 264 271. 16 refs. 

As a demonstration of the predictive capabilities of the method 
of Strainrange Partitioning, published high temperature, low cycle. 
l! t-re tatiaut- test results on AISI Types 304 and 316 stainless steel 
vwue analyzed and calculated cyclic lives compared with observed 
i-ves Predicted lives aqiped with observed lives within factors of two 
tor 76 percent, taclois of thiee lot 93 peiceat, and factors ol foot 
for 98 percent ol the saboiatorv tests analyMd Agreement between 
tsitserved and predicted lives n lodged satisfactory considering dial 
the data ate associated with a number ol variables (two alloys, several 
heats and heat treatments a range ol temperatures, diHercnt testing 
techniques etc.) that are not directly accounted lor in the 
calculations <Au ' hDr > 


A77-40032 ‘ Hot corrosion studies of four nickel -base 

super ehuys B 1930. NASA-TRW VIA, 713C and IN738 G C 
Fry burg P. J Kohl, and C. A Steams (NASA, Lewis Research 
O-niet ' Cleveland, Ohio) In Symposium or. Pmpcrties of High 
Tompe.al.ifts Alloys With Emphasis on EnvuonmenUsI I tlleets Las 
Vega*. No*., October 17-22. 1976. Proceedings 1*77-40012 18-261 
Prioetnoit, N.J , Electrochemical Soaoty. Inc., 1976. p. 585-594. 

Tho* sti&cifpilbititv to ho* corrosion of four mckeMiase sup«r 
alloys has been studied at 900 and 1000 C in one atmosphere of 
slowly flowing oxygen Har corrosion was induced by coating the 
samples with known doses of Na2S04 and oxidizing the coated 
samples iwtheimallv on a sensitive mterobalsmm. In o'doi o' 
decemling susceptibility to hot corrosion, these alloys were ..inked 
S- 1900. 713C. NASA TRW VIA. 1N73B This ordci corresponds to 
the or dei ol decreasing molybdenum content ot the jUovs Chemical 
evidence lor B 1900 indicates that hot corrosion is instigated by acid 
fluxing of the protective AI203 coating by Mo03 (Author I 


A77-42461 • Creep and tensile properties of several oxide 

dispersion strengthened nickeJ base alloys. J. 0. Whittenborger 
INASA, Lewis Research Center. Cleveland. Ohio/. Metallurgical 
Transactions A - Physical Metallurgy and Materials Science, vol. 8A. 
July 1977, p. 1155-1163, 21 rets 

Thy creep piopeit.es at 1365 K ot several ox.de dispersion 
suenglhemid IODS) alloys were siud-ad, where the cieep exposures 
involved low strains, on the ordoi ol 1%ov less, after nominally 100 
hours of testing. It was found that CDS alloys possess threshold 
stresses foi creep. Creep in polyavstallirie OOS alloys is art 
inhomogeneous process. The threshold sbirsscs m laige gram size 
ODS Ni 200 and Ni-IGCr 4/5AI type alloys arc dependent on the 
gram aspect ratio. 


If* 


A'7-46725 * Resistance of Ni-Cr-AI alloy* to cyclic oxida- 

tion at 1100 and 1200 C. C. A. Barrett and C. E. Lowell (NASA, 
Lewis Research Center, Cleveland, Ohio). Oxidation of Metals, vol. 
11, Aug. 1977, p. 199 223. 1 1 rets. 


A? 7-47047 * Application of ttrainrange partitioning to the 

prediction of MPC cretp-fatipre data for 2 1/4 Cf-1 Mo Motl. J. F 

Sattsman and G. R. Halford (NASA, Lewis Research Center. 
Cleveland. Ohio). In: Symposium on Creep-Fatigue Interaction, New 
York. N.Y., December 5 10, 1976. Proceedings. (A77 473-'.2 22 26) 
New York. American Society of Mechanical Engineers, !976. p. 
283-298. 18 refs. 

Creep-fatigue tost* were conducted on annealed 2.25Cr-iMo 
steel in air at 538 C involving tnterspersion of rapid stiam cycles (0 
to 22 cycles) between constant tensile stress hold periods 123 or 47 
hours). Life predictions were made on the basis ol the strain 
range life relations obtained from sho'Mi.me material characterize 
tion tests on tubular specimens taken trom >he same heat as the 
specimens foi the creep-fatigue tests The creep-fatigue tests lasted 
from about 500 to 5000 hours, while the short time tests used as the 
prediction bas!S lasted from 0.1 to ICO bouts. By paititionmg the 
creep and plastic strains within every cycle and summing the damage 
on 3 cycle by-cycle basis, the predicted lives agreed with the observed 
ones vYrthm factors of two P.T.H 


A77-47048 * Treatment of multiaxial creep-fatigue by 

ttrainrange partitioning. S. S Monswr (Case-Wester » Reserve Un.ver 
sity. Cleveland. Ohio) and G R Halford (NASA. Lewis Reseatch 
Cen'tei Cleveland. Ohio) In. Symposium on Creep Fatigue Inter 
action." New York. N Y . December 6 10. 1976. Proceedings (A77 
47042 22-26) New York, American Society of Mechanical Engineers. 
1976. p 299 322 13 rels 

The paper investigates some basic concepts and their application 
tor ex tussling lire strain range partitioning method lor treating 
elevated-temperature creep latigue udei.u tmns from uniaxial to 
multiaxial situations the pioblcm is restricted to initiation of an 
engineer mgsize cr 3 ck and to pioport.anal loading. The basic 
parameter are the Mises-Hcncky equivalent stiess and strain, and a 
rule is I cumulated for choosing the sign of the dominant pimcipal 
direction. Creep and plastic ratchet strains can also be taken into 
account. The unci action damage mlv is formulated An application 
to hold-tune tests m torsion illustrates the use of the rules developed 

PTH 


A77-48&96 * - Volatile products in the corrosion of Cr, Mo, 

Ti and four superalloys exposed to 02 containing H20 and gaseous 
NaCl. G. C. Frylxrig. R. A Miller. F. J. Kohl, and C, A. Stearns 
INASA, Lewis Research Center. Clevelnm Ohio!. Electrochemical 
Society. Symposium on Corrosion Problems Invoicing Volatile 
Corrosion Products. Philadelphia, Pa.. May 12. 1977, Paper. 20 p. 20 
refs. 


A77 48697 • » Hoi corrosion resistance of nickef-chromiurtv 

aluminum alloys* G. J Santoro and C. A. Biuret (NASA, Lewis 
Research Center, Cleveland, Ohio), electrochemical Society, M#et 
mg. 151st, Philadelphia. Pa.. May 8 13, 1977. Palter. 34 p 12 rets. 

The hot corrosion resistance of nickel chromium aluminum 
alloys was examined by cyclically ox idling sodium sulfate-coated 
specimens in still air at 900, 1000. and 1100 C. The compositions 
tested ware wit Inn the ternary region: U\, Ni-50 ai.% Cr, and Ni 50 
at.% Al. At each temperature the corrosion data were statistically 
fitted to a third order regression equation as a Junction of chromium 
and aluminum contents. Prom these equations corrosion rsopleths 
wera prepared. Compositional regions with the best hot corrosion 
resistance were identified (Author } 
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A77-51583 * # Sharply notch cylindrical tension specimen ter 
•craning plane-strain fracture toughness. I - Influence of funda- 
mental testing variables on notch strength. II - Applications in 
aluminum alloy quality assurance of fracture toughness. M. H. Jones, 
R. T. Bubsey, W. F. Brown, Jr, (NASA, Lewis Research Center, 
Fracture Branch, Cleveland, Ohio), R. J. Bucci, S. F. Collis, R. F. 
Kohm, and J. G. Kaulman (Aluminum Company o! America, Alcoa 
Laboratories, Alcoa Center, Pa.). In: Developments in fracture 
mechanics test methods standardization; Proceedings of the Sym 
posium, St. Louis, Mo., May 4, t976. (A77-51 576 24-39) Phila- 
delphia, Pa., American Society lor Testing and Materials, 1977, p. 
115-152. 14 refs. 

A description is presented of studies which have been conducted 
to establish an improved technology base for a use of the sharply 
notched cylindrical specimen in quality assurance tests ol aluminum 
alloy products. The results are presented of an investigation of 
fundamental variables associated with specimen preparation and 
testing, taking into account the influence of the nolr.li root radius, 
the eccentririty of loading, the specimen diameter, and the notch 
depth on the sharp notch strength. Attention is given to the 
statistical procedures which are necessary to establish correlations 
between the sharp notch strength and the plane-strain fracture 
toughness for high-strength aluminum alloys. G.R. 


1177-1 1154*# Pratt and Whitnoy Aircraft. Fast Hanford. Conr 

REFINEMENT OF PROMISING COATING COMPOSITIONS 
FOR DIRECTIONALLY CAST EUTECTICS 

T E Strongman. E J Felton, and R S Hcndun Oct 1976 
1 56 p refs 

{Contract NAS3 189201 

(NASA-CR- 135103. hWA-54411 Avail NTIS 

HC A08/MF A01 CSCL 1 1 C 

The successful application of high creep strength, uiioclionally 
solidified gamtna/gamma pome della (Ni- 1 9 7 Cb-6Ci 2 5 All 
autocue superalloy turbine blades requires the development of 
suitable coatings for airfoil, root and internal blade surfaces In 
order to improve coatings for the gamma/ gamma prime delta 
alloy. Ihe current investigation had the goals of (II refining 
promising coating compositions lor directionally solidified 
eutectics. (2) evaluating the effects of coating/ substrate 
interactions on tho mechanical ptopeities el the alloy and (3! 
evaluating diffusion alumintdo coatings for mtomal suifaccs Burner 
rig cyclic oxidation furnace cyclic hot corrosion ductility, and 
thermal fatigue tests indicated that NiCiAIY • Ptl63 to 127 micron 
Ni-18Cr-12AI-0 3V - 6 micron Ptl and NiCrAIY(63 to 127 micron 
Ni;18Cr-12AI-0 3Y) coatings arc capable of protecting high 
tamperatuie gas path surfaces of eutectic alloy airfoils Burnet 
rig (Mach 0.37! testing indicated that the useful coating life of 
the 127 micron thick commas exceeded 1000 hours at 1366 K 
(2000 deg FI Isothermal fatigue and fumanco hot corrosion 
CMtS indicated that 63 micton NiCrAIY. NiCiAIY • Ft and platinum 
modified diffusion alumimdo (Pt • All coating systems aiu capable 
of piotecting the telatively cooler smfaces of the blade root 
Finally, a gas phase coating ptocess was evaluated for diffusion 
aluminizing internal surfaces and cooling holes of air-cooled 
gamma/gamma prime della tuibme blades Author 


N77-121B1*# Battalia Pacific Northwest Labs . Richland. Wash - 

DEVELOPMENT OF SPUTTEREO HIGH TEMPERATURE 
COATINGS FOR THRUST CHAMBERS Final Report 

R Busch and M A Bayne 9 Aug 1976 25 p 
(Contract NA53 197211 

(NASA-CR 135097) Avail NTIS HC A02/MF AOt CSCL 
1 1 F 

Adherent insulating coatings were developed for thrust 
chamber service The coatings consisted ol nickel and a ceramic, 
and were graded in composition from puio nickel at the thrust 
chamber wall to pure ceramic at the coating surface The coatings 
were deposited by rf sputtering from a target with a ravoised 
composition gradient which was produced by plasma spraying 
powder mixtures Tho effect of deposition parameters an coating 
characteristics and adherence is discussed Author 


N77-12182*# TRW Systems Gioup. Redondo Beach. Calif 

HEAT PIPE MATERIALS COMPATIBILITY Final Report 

J E Eningor. G. L Floischman, and E E. Luedkc Jan 1976 
46 p refs 

(Contract NAS3-19128) 

(NASA-CR- 135069; TRW-26148-6004-RU-00) Avail NTIS 
HC A04/MF A01 CSCL 1 IF 

An experimental program id evaluate noncondensable gas 
generation in ammonia host pipes was completed. A total af 
37 heat pipes made of aluminum, stainless steel and combinations 
of those matenals wets processed by various techniques, operated 
at dilfarent temporaturos and tasted at low temperature lo 
quantitatively determine gas generation rates. In order of increasing 
stability ate aluminum/ stainless combination, all aluminum anu 
all stainless heat pipes. One interesting result is the identification 
of intentionally introduced water m the ammonia during a reflux 
step as a means of suHace passivation to reduoo gas genera- 
tion in stainless-steel/ aluminum heat pipes Author 


N77-1B160*# Carnegie -Mellon Univ . Pittsburgh. Pa Inst of 
Research 

EVALUATION OF THE MECHANICAL PROPERTIES OF 
ELECTROSLAG REFINED IRON ALLOYS 

G K Bhat Doc 1976 103 o rofs 

(Contract NAS3- 18929) 

< NASA-CR 138044) Avail NTIS HC M06/MF AOT CSCL 
1 ■ F 

Nitromc 40 (2 1Cr-6N-9Mn). HY 130 9Nt 4Co, and 0-6 alloys 
were prepared and evaluated m the form of 15 2 mm thick 
plates Smooth bar tensile tests, double -edge sharp notch fracture 
toughness tests Chatpy V*natch impact tests were conducted 
on appropriate heat treated specimens of tho four steel plates 
at 22 C. -50 C. 100 C 150 C. and 196 C Similar material 
characterization including metoilographic evaluation studies on 
air molt and vacuum ate melt grades of same four alloy steels 
were conducted for comparative purposes A cost analysis of 
manufacturing plates of dtr moll, eluctroslag tomell and vacuum 
arc remelt grades was performed The rosutts ot both mntenai 
characterization and cost analyses pointed out certain special 
benefits of efectrosfag processing iron base alloys Author 

DATA SUMMARY Diverse data are presented variables 
include stress, temperature impact energy, tensile strength yield 
strength, elongation reduction of proa loads fracture strength 
Stress intensity costs 


N7 7-20207*# Lockheed California Co. Burbank 
FRACTURE CONTROL OF HO ENGINE COMPONENTS 
Final Report. 17 Jun. 1974 - 6 Aug. 197® 

J T Ryder Feb 1977 489 p refs Prepared in cooperation 
with General Dynamics/Convair San Diego. Calif . International 
Harvester, Chicago and the Ladish Co . Cudahy. Wts 
(Contract NAS3 1 8896) 

(NASA CR-135137. LR-27BK)) Avail NTIS 

HC A21/MF A01 CSCL 1 1F 

An investigation was made to obtain tho material chaiacteuza 
tion and fatigue crack propagation data necessary to establish 
the salient characteristics of a Ti 6AI-2 5Sn(El!) alloy fual pumu 
impeller to be used in a cryogenic service environment Testu-a 
variables considered wore coupon orientation, frequency toad 
range ratio, and temperature Data analysis correlated crack 
piopagatton data from convanitonal laboratory coupons with 
data from a parallel sided rotating disk used to model rotor 
stresses Four major design recommendations when bore region* 
of fuel pump impellers to be operated in cryogenic environments 
are to be relatively highly stressed are discussed Author 


N77 -20208*# Cyclops Corp., SridgeviHe. Pa Specialty Stool 
Dtv 

DEVELOPMENT OF AN EXTRA-HIGH STRENGTH POWDER 
METALLURGY NICKEL-BASE SUPERALLOY Final Report 
W B Kent don 1977 67 p refs 
(Contract NAS3- 16795) 
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(NASA-CR-135131: U-C-R-1173) Avail NTIS 

HC A04/MF A01 CSCL UF 

A piogram was conducted »o optimize the composition of 
NASA Mb- 1 1, an alloy originally developed as a wrought materiol. 
far thermal stability and to detormmo the feasibility lor producing 
the alloy using powder metallurgy techniques Seven composi- 
tions were melted and atomized, hot isostattcally pressed, cross 
rolled to disks and heat treated Tonsilo and stress rupture 
properties from room temperature to 870 C (1600 FI were 
determined in addition to thermal stability characteristics 
Processing variables included hot isostatic pressing parameters 
and handling, crass ratling procedures and heal treatment cycles 
NASA Mb- 1 1E displayed the best combination of overall properties 
for service es a 760 C (1400 F) disk material Its composition 
is 006 C. 8.5 Cr. 9 0 Co. 2 0 Mo. 7 1 W. 6 6 Ta 4 5 At. 
0 75 Ti. 0 5 V 0 7 Hf 001 B. 0 05 Zr and balance Ni White 
the alloy exhibits the highest 760 C 11400 FI rupture strength 
reported for any powdei metallurgy disk alloy to date additional 
studies to furthor evaluate the effects of horn treatment may be 
required The alloy is not susceptible to topologically close-packed 
phase formation during thermal -iposuro at 370 C (160C F) for 
t .500 hours, but its mechanical property levels are lo-vorod duo 
to gratn boundary carbide formation Author 


N77-21216*# Carnegio-Mellon Umv . Pittsburgh. Pa Otpi 
of Metallurgy and Materials Sctence 

INVESTIGATION OF THE FRACTURE MECHANISM IN 
Ti-8AI-2.BSn AT CRVOGENIC TEMPERATURES Final 
Report 

R H VanStone. J R Low Jr . and J L Shannon. Jr Apr 
1977 112 p refs 
(Contract NGR-39-087-047) 

(NASA-CR- 135120: CMU-NASA-3T0 Avail NTIS 

HC A06/MF A01 CSCL 1 1F 

The influence of microstrucluro on the fracture mechanism 
and plane-strain fracture toughness of Vi-5AI-2 5Sn was studied 
through the use of fractography ond metallographie sectioning 
techniques One-inch thick plates of oxtro tow inlersittiei (ELII 
and normal interstitial Ti-5AI 2 5Sn wore mill annealed ai 815 C 
fallowed by either an or furnace cooling Those venations m 
composition and cooling rate resulted in differences in the volume 
fraction and internal structure of the uon-sjabilired phase anrl 
•n the crystallographic texture and ordering of me alpha matrix 
The tensile properties of these plates were doiuimmeu at 20 K. 
77 K and 295 K The air-cooled ELI plate was the toughest 
material evaluated Author 


N77-22213*# International Nickel Co Inc Sutiarn N V Paul 

0 Morrca Research Lab 

DEVELOPMENT OF OXIDE DISPERSION STRENGTHENED 
TURBINE BLADE ALLOY BY MECHANICAL ALLOYING 

H F Merrick L R Cur wick and Y G Kim Jan 1977 69 p 

refs 

(Contract NAS3- 196941 

(NASA-CR 13S150) Avail NTIS HC A04, MF AOI CSCL 

1 IF 

There wore throe nickel base alloys containing up to 
1 8 wt % ol refractory metal examined initially for oxide dispersion 
strengthening To provide greater processing freedom however 
a leaner alloy was finally selected This base alloy . Moy LI- 
contained 0 05C/15Cr / 2Mo/4W/2Ta/4 5AI/2 T>, 0152' 001 
8, Bal Ni Following alloy selection, the effect of exirusiun heal 
treatment, and oxide volume fraction and size on rmciosriucturo 
and properties were examined The optimum structure was 
achieved in zone annealed alloy 0 which contained 2 5 vol % 
of 35 mm Y203 and which was extruded 16 1 at 1036 C 

Author 


N77-22214*# TRW. Inc . Cleveland. Ohio 

STRAIN PARTITIONING OF THREE ALLOYS IN ULTRAHIGH 
VACUUM USING THE STEP STRESS METHOD Final Report. 
14 May - 14 Nov. 1976 

C S Kortovich Apr 1977 49 p i«fs 


(Contract NAS3-20103) 

(NASA-CR 135187. TRW-ER-7926) Avail NTIS 

HC A03/MF AOI CSCL 1 1F 

Tho ultrahigh vacuum strain controlled thermal-mechanical 
strain cycling fatigue behavior of ASTAR 81 1C. 304 stainless 
steel and A-286 was studied Tho step stress procedure of 
experimental stramrange partitioning was utilized to partition tho 
inelastic stminranges for tests duplicating conditionings previously 
reported by TRW An anolyttcal method is described in which 
those partitioned inelastic stroimonge data can be used to 
develop the lour bosic Ida relationships for these materials 

Author 


N77-2S2BS*# Martin Monotio Corp . Donvor. Colo 
ENVIRONMENTAL EFFECTS ON ALUMINUM FRACTURE 

Freni R Schwartzborg and John A Shepic Aug. 1976 63 p 
rofs 

{Contract NAS3- 18923) 

{NASA CH 135182 MCR 76 385) Avar) NTIS 

HC A04/MF AOI CSCL 11F 

Thu sustained load stress corrosion cracking [SCO threshold 
for aluminum alloy 214 was determined using smooth (sigma 
sub TH) and procrackod (K sub ISCC) specimens end cyclic 
load growth behavor in 3 5% NaCi sett solution wos studied 
Tho relationship botweon K sub ISCC and sigma sub TH was 
also studied The work showed that 2124 T851 aluminum alloy 
in plain gago has a moderately high resistance to stress cohesion 
attack Experimental rosults showed that no SCC occurred in 
the longitudinal and long transverse directions m any of tho 
tests Some SCC wos found by smooth tosts in *.:io short transverse 
direction and tho data were confirmed by two test moihods-stgma 
sub TH 275 MN/sq m (40 ksrl No SCC was found from 
compact specimen tests m any direction, surface flaw and center 
notch specimens evaluated in the short transverse direction 
exhibited SCC Thu dnta indicate that stress corrosion behavior 
is defect size and stress dependent but not entirely in accordance 
with a stress intensity controlled mechanism Author 


NT? 33314*f Syracuse Unis* N Y George Sacha Fracture 
and Fatigue Research Lob 

FATIGUE CRACK GROWTH AT ELEVATED Ti MFC MATURE 
314 tTAINtf** STEEL AND M l 3 STEEL 

Wen Chmg Chen end H W Lju [1976J 56 p refs 
(Gram NGR 33 022 157) 

INASA CR 135105. M TS- H W L-4 1 1 6 7 78) Avert NTIS 
HC A04/MF AOI CSCL 1 IF 

Crack growths were measured at elevated temperatures under 
four typos of loading pp pc. cp. and cc. In H 13 steel, all 
these four types ai loading gave nearly the same crack growth 
rates ewd the length of hold time had negligible effects In 
A1SI 316 stainless steel the hold time effocts on crack growth 
rate were negligible if tho loading was tension tension type, 
however these effects wore significant in reversed bonding 
load end the crack growth rates under these four types of loading 
vaued considerably Both tensile and compressive hold times 
caused increased crack growth rate but the compressive hold 
period was more deleterious than the tensilo one MoteUographtc 
examination showed that all the crack paths under different typos 
of loading were largely transgramiloi for both CTS tension tension 
specimens and SfcN reversed contrlever bending specimens. In 
addition an electric potential technique was used to monitor 
crack growth dt elevated temperature Author 


A77-29863 * Vacuum thermal mechanical fatigue behavior 

of two iron- bant alloys. K. D. SheMlei | Untied Technologies 
Miiiei'jfs Fnnim’enn.j atuf R^i'.mh Labor .Hory, Last Heitford. 
Conn.). It' Thci«*^: Mtiguu ol materials and components; Proceed- 
inrn ol the Symposium, New Oilcans La., November 17. IB, 1975. 
(A7 7 29852 12 26) Philadelphia, Pa.. American Society (or Testing 
and Materials. 1976. n 214 226. Contract No. NAS3 6010. 

The present study extends the concept of m phase grain 
bound .m v rdteheting to two iron base alloys (Type 304 stainless steel 
ond A 286 ullov) and provides a clearer interpretation of out of -phase 


gram boundary ratcheting effects obsorved in the A286 alloy which 
cycle h B00m ° 1 tr ; C ins,abi,i| V- Elevated- temperature low 

v^um 2tr aniCa tes,s in an l0n 'd‘ J mped ultrahrgh 

,0v8a!ed 5lan ' ,icam «f frequency and 

Z CVClin ° ° n ,0,ltluD li '°- '"-Ph*** thermal 

mm3., ? 1 , h ' 9h '" mpora,urL ’ -'nit compression at low 

lT^,ml CaU “ d '** 11,8 ,educ ' io ” 1 in both materials due ,o 
d d nn^or l C4V ' ,a " Qn causod *>V unreversed gram boundary 
em nn darV r “«hotf n B ). Out-of phase thermal cycling 

also caused TT' 8 a '’ d ComdfoMio " *' high temperature) 
also caused large cyclic life reductions in both materials In the A286 

ra.c V he,r' P a “ r8dU8, ' t "’ S a '° a «' ibu ' ed “> comp** 

S.O. 
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laboratory air environments in the temperature range 538-871 C. 
fclovatod-temperoturo. compressive-strain hold-time experiments were 
also conducted. In hydrogen, the cyclic stress-strain behavior ui both 
materials at 538 C was characterised by appreciable cyclic hardening 
at all Strain rang,,,. At 871 C neither material hardened significantly, 
m tact, at 5% strain range 347 steel showed continuous cyclic 
softening until failure, The fatigue resistance of 347 steel was slightly 
higher than that of Alloy X at all temperature, and strain ranges 
ten-minute compressive hold time experiments at 760 and 87) C 

A.,"’ 0 v 0 o d l a 'T e " V0S ’° r 347 s,oal 3nd decreased fatigue 
n „, h h Al oV X ; B ° ,h ollo '' s shosvod slightly lower fatigue resistance 
' lhan , hydrogen. Some fiactographrc and metallographic 
results are also given PTH 


Coatings for directional eutectics. J R 

r; j ; ** Jackso " <GE Metallurgy laboratory. Schenec- 
wav, N.Y.), Conference on Gas Turbine Materials in a Marine 
environment. 3rd. Bath. England. Sept 3B23. 1976. Paper 10 p 12 

R7SCRD2sT NASJ ' ,6793: No NAS3-1 7815. (GE 

Coatings developed to provide oxrdation protection tor the 
rtrcct.onally-soliditied eutectic alloy NiTaC-B (4.4 weight pereem 
a sme evaluated °f seven Co, Fe- and Ni-basc coating thm were 
«rated V ! nV8S ,90,0d ' h® 5 * ' eSl5 ‘ an “ to cyclic oxidation was demon 

N &AIIY) V bv U v^ C ° U,m ' 5S ,abriCi " 0d bV dcpoii '"’a a l*Y«» of 
fonostl L^ evaporation from an electron beam source 

tion°'oroceM /" A ' owo,la V 0 ' ,ha Pack comen, a- 

, on process. It was found that addition of carbon to the coutmq 

alloy substantially eliminated the problem ot fiber denudation m 

rh T 3 ,C ?J C a "° V ‘' BunleT r ' 9 cvc,L ' d NiTaC-B samples coated 
wrth NI-SOCr-SAIO.ICO. 1 Yt-AI and ruptum-tested a. 1100 deg C 

l)eHor ,h f’ uncoa, ° d ' vac,,um ^ and 

tes ed NiTaC-13, however. a slight (iegradat.cn with respect to 

fTto h T, ,T“ " 0,ed 5<f,3$ 'PPhire tests at 870 deg C 

for both cydcd and uncycted samples. q ^ 


A 77 45496 ’ Hi «h wmp«r»tur* oxidation resistant coatings 

for the directionally solidified Ni-Nb-Cr-AI eutectic su veralloy T E 

sttangman. N E. Uhon (Umted Technologies Cop. Pi.,,, an ri 
Whitney Aucrat, Group, East Hanford, Conn.) ami E J Fallen 
/American Ceramic Society Aim, nl Meeting 78th Cincinnati. Ohm 
,?C 76J American Ceramic Society Bulletin 
No.' NAS3- U , 9 8920 ' ° 700 705 35,8,5 Com ' ac,s Nu NAS3- 16702, 

Protective coatings required for the Mr Nb-Cr AI directionally 
solidified eutectic superalloy were developed and evaluated on the 
basis of oxidation resistance, ditfusional stability, thermal tatiguo 
and creep resistance. NiCrAlYrPt and NICrAIV physical vapor' 
deposition coating systems exhibited the best combination ot 
properties. Burner-rig testing indicated that the useful life of a 
12 -micron-thick NiCr AIY sp, coating exceeds 1000 h at 1366 K 
tutec, re-alloy creep lives a, 1311 K and a stress of 151 7 MN sq m 
were greater for NiCrAIY.P, -coated spec, mens than for uncoated 
specimens by a factor of tsvo lAuthor ) 


^ . Low ' <: vde fatigue of two austenitic alloys in 
3* 3 temperatures. C. E. Jaske and R C 

ice (Batteilu Columbus Laboratories. Columbus. Ohiol In SyrtiDo- 
‘T -'tttop-Fatigue Interaction, New York. N Y December b *0 
1976^ Proceedings. IA77-47042 22-26, New York, a“ S ociety 
ot Mechanical Engineers, 1076, p 101-128. 20 refs, Rosuorch 

NAS3 r 20078 V A ° r0ie ' NUCl °' ,r SV5 ' 8n!1 C °- N° 

Haste^IoV AT| C o VCl x ,i ' l ' 9Ut ' "T' 3 " 88 °* ,Vpe 347 i,ainlo “ 11001 *«• 

f V W4S ovalua,od in constant-amplitude, strain- 
“"3"!? a,lflUC , ,05,s ^pduotet, under continuous negative strain 
cycling at a constant strain rate of 0.001 per sec and at total axial 
am ranges of 1.5, 3.0, and 5.0 percent in both hydrogen gas and 
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27 NONMETALLIC MATERIALS 

Include* physical, chemical, and mechanical properties 
of plastic*, elastomers, lubricants, polymer*, tarrtita*. 
adhesives, and ceramic materials. 


N77-10IW'i National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

GASEOUS EMISSIONS AND TOXIC HAZARDS ASSOCI- 
ATED WITH PLASTICS IN FIRE SITUATIONS: A LITERA- 
TURE REVIEW 

Thomas L Junod Oct 1976 67 p refs 
{NASA-TN-D-833B: E-8549) Avail NTIS HC A04/MF AOI 
CSCL 111 

The hazards of plastics in fire situations, the gases emitted, 
the facto is influencing the nature of those emissions, the 
characteristics of tome gases, and the results of laboratory studies, 
ore discussed The literature pertaining to the pyrolysis and 
oxidation of plastics was reviewed An effort was made to define 
the state of the art for deteimming the toxic gases emitted by 
plastics under firo conditions. Recommendations are made and 
research needs defined as a result of this review Author 


N77-10200*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

NONELASTOMERIC ROD SEALS FOR ADVANCED HY- 
DRAULIC SYSTEMS 

William F Rady and Alvin W Waterman 1976 25 p refs 

Presented at A-6 Meeting on Aerospace Fluid Power and Control 
Technologies. Las Vegas. Nov 4-8 Oct 1976. sponsored by 
SAE 

(NASA TM-X-73525. 6-8940) Avail NTIS HC A02/MF AOI 
CSCL 111 

Advanced high temperature hydraulic system rod sealing 
requirements can be met by using seals made of nunelostomenc 
Iplasticl materials in applications whore elastomers do not have 
adequate life Exploratory seal designs were optimized for 
advanced applications using machinable polyimido materials 
These seals demonstrated equivalent flight hour lives of 1 2.500 
et 350 F and 9.875 at 400 F in advanced hydraulic system 
simulation Successful operation was also attained under simulated 
space shuttle applications. 96 luontiy thermal cycles and 1.438 
hours of vacuum storage Tests of toss expensive molded plastic 
seals indicated a need for improved materials to provide equivalent 
performance to the machined seals Author 


N77-11175*# National Aeronautics and Space Administration 
luwis Research Center Cleveland. Ohio 

EVALUATION OF POTASSIUM TITANATE AS A COMPO- 
NENT OF ALKALINE FUEL CELL MATRICES 

Robert £ Post Washington Nov 1976 27 p rots 

(NASA TN-D 6341. 6-81741 Avail NTIS HC A03/MF AOI 

CSCL 10A 

Various foims of potassium titanute worn found to have 
almost complete resistance to chemical attach in 45 wt % KOH 
at 150 C (423 K) foi up to 9600 hours Section micioscopv 
end X-ray dillraction disclosed important differ incus with inspect 
to fibncity and stability The oclubtanuie appeared to possess 
the best combination of properties It wca concluded that 
potassium tilanate could bo piuduced in a more asbostos litre 
form Fiber dispersion is important in matrix manufacture Author 


N77-16170*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 

ADHESION AND FRICTION OF IRON AND GOLD IN 
CONTACT WITH ELEMENTAL SEMICONDUCTORS 

Donald H Buckley and William A Brainatd Washington Jan. 
1977 21 p rots 

(NASA-TN-0-8394, 6-B903) Avail: NTIS HC A02/MF AOI 
CSCL I IF 

Adhesion and friction experiments were conducted with sinQl* 
crystals of iron and gold in contact with single crystal* of 


germanium and silicon Surfacos wore examined tn the sputter 
cleaned slate and in the presence of oxygen and a lubricant 
All expeiiments weie conducted at room temperature with toads 
of 1 to 50 grams, and sliding faction was at a sliding velocity 
of 0 7 mm/min Results indicate that the friction nature of metals 
in contact with semiconductors is sonsitive to orientation, that 
strong adhosion of metals to both germanium and silicon occurs, 
and that friction is lower with silicon than with germanium for 
ihe same orientation Surface offocts are highly sensitive to 
environment. Silicon, for example, behaves in an entirely brittle 
manner in ihe clean state, but in the presence of a luhricant 
the surface deforms plastically Author 

DATA SUMMARY- Orientation, doping, and surface film 
offocts on metal-semiconductor bonding ccntact. variables include 
friction coefficients, sliding tnciion. crystal surfaces, doped crystals, 
adhesive bonding, crystal dislocations, and loads. 8 figures and 
no tables am included 


NTT 17239*# National Aeronautics anti Space Administration 
lewis Research Center, Cleveland, Ohio 

THERMAL BARRIER COATINGS: A NEAR TERM. HIGH 
PAYOFF TECHNOLOGY 

S R Lovtno and J S. Clark 1977 15 p refs Presented at 

the Workshop on Ceramics lor Energy Conversion Systems. 
Orlando. Fla.. 24-26 Jan 1977. sponsored by ERDA Prepared 
in cooperation with US Army Air Mobility R ^nd D lab . 
Cleveland 

(NASA-TM-X-73586. E 90491 Avail NTIS HC AQZ ‘If AOI 
CSCL 1 1B 

Thu present status of thermal barrier coatings is reviewed 
including both experimental results and forecasts of the benefits 
donvod from use of those coatings in aircraft and utility gas 
turbines The potential of thermal barrier coatings relative to 
structural ceramics is discussed along with a development plan 
for these coatings Author 

DATA SUMMARY Performance of various oxide coramic 
thermal barrier layers variables include cycles to failure 
leading-edge wall temperature, coolant-to-gas flow ratio time 
weight chango. thermodynamic efficiency and specific output 
4 figures and 1 table include numeric 


N77* 17240*0 National Aoionauhcs and Space Administration 
Lewis Research Cantor Cleveland. Ohio 

OPPORTUNITIES FOR CERAMICS IN THE EROA NASA 
CONTINUOUS COMBUSTION PROPULSION SYSTEMS 
PROGRAM 

Charles P Blankenship and Robert B Schulz IERDA. Washington 
D C ) 1977 6 p rots Presented at the Workshop on Ceramics 
for Energy Conversion Systems. Orlando. Fla. 24 27 Jan 1977 
sponsored by ERDA 

(NASA TM X 73597. 6 90711 Avail NTIS HC A02/MF AOI 
CSCL ttB 

An ovoiview on engine development projects for potential 
use of ceramics is reported A major ceramics materials technology 
effort is described to meet anticipated engine system toquiiements 
in terms of the automotive application, some of the more piessmg 
technology needs, and some indications of how to conduct this 
technology program with industry ongino development protects 
focus on both gas turbine and Stirling engines Author 


N77-ldk63*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

EFFECT OF ION PLATED FILMS OF GERMANIUM AND 
SILICON ON FRICTION. WEAR. AND OXIDATION OF 52100 
BEARING STEEL 

Donald H Buckley and Tahvaldis Spalvms Mar 1977 1 1 p 

refs 

(NASA TN-D-8436. E B953I Avail NTIS HC A02/MF AOI 
CSCL 1 1G 

Friction and woai experiments weru conducted with ion plated 
films of germanium and silicon on the surface of 52100 bearing 
steel both dry and in the presence of mineral oil Both silicon 
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and germanium were found to teduce wear, with germanium 
being mote effective than silicon An optimum film thickness of 
germanium foi minimum wear without surface crack formation 
was found to he approximately 400 nanometers 14000 A) The 
presence of silicon and germanium on the 52100 bearing steel 
surface improved resistance to oxidation. Author 

DATA SUMMARY Ion plated metal lubricant films for 
reducing bearing steel wear the variables include coefficient of 
friction, film thickness, lider wear, silicon films, germanium films, 
and sliding velocity. 3 figures and no tables 


wm large 10.31. deformation of eilicon carbide wat primarily 
elastic. Under these conditions the friction coefficient wat low 
and did not show a dependence on the silicon carbide orientation. 
Further, there was no detectable cracking of the eilicon carbide 
surfaces. When smaller radii of curvature or .he spherical diamond 
riders 10. IS and 0.02 mm) or a conical diamond rider was used, 
plastic grooving occured and the silicon carbide exhibited 
anisotropic friction and deformation behavior Under these 
conditions the friction coefficient depended an load. Anisotropic 
friction and daformation of the basal plane of silicon carbide 
wes controlled by the slip system [1010]- t120>snd cleavage 
off 1010], Author 


N77-32312*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

FRICTION AND WEAR BEHAVIOR OF SINGLE-CRYSTAL 
SILICON CARBIDE IN CONTACT WITH TITANIUM 

Kaiuhisa Miyoshi and Donald H Buckley Sep 1977 24 p 

refs 

(NASA-TP- 1035. E-90671 Avail: NTIS HC A02/MF A01 CSCL 
1 1G 


Sliding Irichan experiments were conducted with single crystal 
silicon carbide in sliding contact with titanium Results indicate 
that the friction coefficient is gieater in vacuum than in argon 
and that this is due to the greater adhesion or adhesive transfer 
iri vacuum Thin films of silicon catbide transferred to titanium 
also adhered to silicon carbide both m argon at atmospheric 
pressure and in high vacuum Cohesive bonds fractured on both 


the silicon certsde end titanium surfaces. The wear debris of 
sdi^n caibitN -..tad by fracture pfowed the sdicon ca^ide 
; rf r,r friction characteristics of titanium 

in contact with silicon carbide were sensitive to the surface 

hmheTrm ’ ? T b ' d "- antl tha ,,re,iDn coefficients were 

nn. Th. H « U9h 8ilicon ca,bid « »*>■" for a smooth 

one The difference in friction results was due to plastic 
deformation (plowing of titanium). Author 


N77-SSM1*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

FUNDAMENTAL CONSIDERATIONS FOR FUTURE SOLID 
LUBRICANTS 

R. L Johnson and H. E Slinoy 11 Sep 1969 32 p refs 
Presented at Conf on Solid Lubricants. Kansas City. Mo. 
9-11 Sep 1969: sponsored by AFML and Midwest Res Inst 
INASA-TM-X-52659. E 52411 Avail NTIS HC A03/MF A01 
CSCL 11 H 

Properties important to the performance of solid lubricants 
are discussed. Those properties include shear characteristics, 
coherence between particles, resistance to cold flow, adherence 
to the substratB. applicable chemical thermodynamics and kinetics 
of matenals and environments, polymorphism, and rheology The 
follow, np generalisations ce made ID chemical thermodynamics 
and kiretics are powerful tools for use in determining the useful 
environments arm methods ot application for solid film lubricants, 
12) the primely requirement for a solid lubricant is low shear 
strength. (3) the rheology of solid film constituents and formula- 
tions is likely to be of vital importance to performance and life 
and 14) adherence and mobility of surface films is another primary 
requirement for long lived solid lubricants Author 


N77-SSMB*! National Aeronautics and Space Administration. 
Lavra Rases ich Center. Cleveland. Ohio 

X-RAY PHOTO! LECTRQW SPfCTROSCOPY STUDY Of 
RADIOS NCOUKNCV-SFUTTI RED TITANIUM. CANSIDS. 
MOLYBDENUM CARBIDE. AND TITANIUM BORIDE 
COATUMS AND THEIR FRICTION PROPERTIES 

Wiliam A Breinard and Donald R Whaelar Oct 1977 21 p 

rail 

(NASA- TP-1033: £-9102) Avail: NTIS HC A02/MF A01 CSCL 
11G 

Radofraquency aputtarad coatings of titanium carbide 
molybdenum catbide and titanium boride wore tested ea wea 
resistant coatings on atainlaas steel in a pin on disk apparatus 
X-ray photoelectron spectroscopy (XPS) was used to analyze 
the aputtarad films with regard to both bulk and interface 
composition in order to obtain maximum film performance. 
Significant improvements in friction behavior were obtained when 
property biased films were deposited on deliberately preoxidued 
substrates XPS depth profile data showed thick giedad interfaces 
for bias deposited films even whan adhatanca was poor. The 
addition of 10 percent hydrogen to the sputtering gas produced 
coatings with thin poorly adherent interfaces. Results suggest 
that soma of the common practices in the field of sputtering 
may be detrimental to achieving maximum adherence and 
optimum composition for those refractory compounds. Author 


N77-SXH0*f National Aeronautics and Space Administration. 
Lewis Research Canter. Cleveland. Ohio. 

FRICTION AND DEFORMATION BEHAVIOR OF SINGLE 
CRYSTAL SILICON CARBIDE 

Kaiuhisa Miyoshi (Kanazawa Unhr.. Kanazawa. Japan) and Donald 
H. Buckley Oct. 1977 22 p refs 

(NASA-TP-1053. 6-91211 Avail: NTIS HCA02/MFA01 CSCL 
20B 

Friction and deformation studies wore eondurted with 
single-crystal silicon carbide in sliding contact with diamond. 
Whan die radius of curvature of the spherical diamond rider 


A77-11194 ‘ Friction and transfer behavior of pyrolytic 

boron nitride in contact with various metal*. D H. Buckley (NASA. 
Lewis Research Center, Cleveland, Ohm). American Society of 
Lubrication Engineers and A- nr trait Society ot Mechanical En 
gmcers, Lubrication Conference, Boston. Mass,, Oct. 5-7. 1976. 
ASLE Preprint 76 LC IB 2. 0 p G refs 

Sliding friction experiments were conducted with pyrolytic 
boron nitride in sliding contact with itself and various metals Auger 
emission spectroscopy was used to monitor transfer ol pyrolytic 
boron nitride to metals and metals to pyiolytic Isoion nitride. 
Results indicate that the friction coetticien. for pyiolytic boron 
nitride ill contact with metals can he related to the chemical activity 
of the metals and more parr iculoi ly to the d valence bond character 
of the metal Transfer was found to occur to all metals except silvei 
and gold and the amount ol transfer was less in iMKsresence than in 
the absence ot metal oxide. Friction was less lot pyrolytic boron 
nitride in contact with a metal in an than in .acco r ,i. (Author ) 


A77-11198 * Effect of atmosphere and temperature on 

wear, friction, and transfer of polyimido films. R L Fusaro (NASA. 
Lewis Research Center, Cleveland, Ohio). Ameiican Society ot 
Lubrication Engineers and American Society ot Mechanical En 
gineers. Lubrication Conference. Boston. Mass.. Oct. 5 7. 1976. 
ASLE Preprint 76 LC- IB I. 8 p. 23 rels. 

Friction anti wear experiments conducted on polyimide films 
handed to 440 C stainless steel disks indicated that a wear transition 
(from high wear to low weal) accompanied the friction transition 
(Irom high friction to low friction) The liansition was found ro lie 
atmospheric dependent as well as teitipeiahire dependent Wear rate 
calculations indicated that, at temperatures above the transition, 
wear could tie up lo 600 times less than at temperatures below the 
transition. Transfer to metallic riders was also investigated and tound 
to be considerably different al temperatures above and below the 
transition. (Author) 
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A77-22985 * lon-beam-sputter modification of the lurfaes 

morphology of biological implants. A. J. Woigand and B. A. Banks 
(NASA, lewis Research Center, Cleveland. Ohio). (American 
Vacuum Society, National Vacuum Symposium, 23rd, Chicago. III., 
Sept 21-24, 1976.1 Journal of Vacuum Science and Technology vot. 
14, Jan. -Feb. 1977, p. 326-331, T4 refs. 

The surface chemistry and texture of materials used for 
biological implants may significantly influence their performance and 
biocompatibiiity. Recent interest in the microscuprc control of 
implant surface texture has led to the evaluation of ion-beam 
sputtering as a potentially useful surface roughening technique, ion 
sources, similar to electron-bombardment ion thrusters designed for 
propulsive applications, are used to roughen the surfaces of various 
biocompatible alloys or polymer materials. These materials are 
typically used for dental implants, orthopedic prostheses, vascular 
prostheses. and artificial heart components. Masking techniques and 
resulting surface textures are described along with progress concern- 
ing evaluation of the biological response to the ion-beam-sputtered 

s ‘ Jf, f es - (Author) 

DATA SUMMARY- Nc Purrieric data are presented. 


A77-32236 * - Conductivity effects in high-voltage spacecraft 
insulating materials. R. C. Adamo, J. E. Nanevicz (Stanford Research 
Institute, Menlo Park, Calif.), and N. Grier (NASA, Lewis Research 
Center. Cleveland, Ohio). NASA and U.S. Air Force, Spacecraft 
Charging Technology Conference, Colorado Springs, Colo.. Oct. 
27-29, 1976, Paper. 24 p. Contract No. NAS3-20080, 

Laboratory measurements were performed to assess the in- 
fluence of various external parameters on the conductivity properties 
of several typical and potential spacecraft insulating materials in a 
simulated space environment. The materials tasted include Kapton, 
Teflon, quartz, and polyvinylidene fluoride. The parameters mea- 
sured comprise sample thickness, temperature, applied voltage, 
illumination intensity and wavelength, and electron beam energy and 
current density. All tesis were conducted in a vacuum chamber at a 
pressure of about one millionth Torr both with conventional 
optically-transparcni gold front-surface electrodes and with the front 
surfaces of the test samples exposed directly to an electron beam. 
The data presented illustrate some of the complexities in electrical 
characteristics exhibited by the materials as a result of interactions 
with various conditions of their environment S D 


A77-24865 • Pressure sintering of Si3N4-AI203 /Sialon/. H. 

C. Yeh (Cleveland State University, Cleveland, Ohio, Plessey. Inc., 
Pienchtown, N ,J .), W A. Sanders, and J. L. Fiyaiko Luttner (NASA, 
Lewis Research Center, Cleveland, Ohio). (American Ceramic Soci- 
ety. Annual meeting. 77th. Washington, D.C.. May 7. 1975. Paper 
97 B 75J American Ceramic Society Bulletin, vol 5G, Feb 1977. p, 
189 193 17 refs. NASA-supported research. 

Essentially pore-free Sialon bodies were obtained by pressure 
sintering for three blends (mol ratios of 4 1, 2:3, and 3:2) of Si3N4 
and A 120 3 powders under the conditions of 27.6 MN sq m and a 
temperature of 1700 C for 2 h These dense bodies consist mainly of 
a Sialon solid solution with a minor amount of a particular second 
phase The highct the A1203 content (20 to 60 mob range) in 
Sialon. the highet the denstfication rate Fully dense bodies can he 
obtained at tempetatuies as low as 1500 C at 27 6 MN so m <or 2 h 
with no second phase detectable by X tay diffraction. A 1 00 dense 
body can tie obtained by heating at 1700 C at 27 6 MN sq m without 
a holding lime g j 

DATA SUMMARY Relative densities of 100" S;3N4. t00", AI203. 
and Sialon powder comparts are examined as a function of transient 
tempera tut e fin the range 0 2000 C) during the healing period of t,.c 
pressure sintering tun vanahies ate elapsed time, chpmical comoosi 
bon. measured immersion density, "dative density, transient temper 
.Itute, net change m relative density, holding tempeiaune. and 
relative X tay peak intensity five iigutes and one table include 
numeric data 


A7 7-28351 * An oxide dispersion strengthened Ni-W-AI 

alloy with superior high temperature strength. T K Glasgow (NASA, 
Lewis Research Cental. Cleveland. Ohiol. In Superalloys Metallurgy 
and manufacture. Proceedings ol the Thud International Sym 
posium, Seven Spnngs, Pa, September 12-15, 1976. IA77 

28321 11 26) Baton Rouge. La . Claitor’s Publishing Division, 1976 
p. 385 394. 9 refs. 

Oxide dispersion strengthened alloys based on the VVA2-20 
nickel-base alloy were prepared by the mechanical alloying process 
described by Beniamin (19731. and evaluated. The results of 
microstructural examinations and mechanical property determina- 
tions are discussed. It is shown that WAZ-20, a high gamma-prime 
fraction alloy having a high gamma-prime solvus temperature, can be 
effectively dispersion shengthened. The strengths obtained were 
outstanding, especially at 1150 and 1205 C. The strength is 
attributed to a combination of highly alloyed matrix, elongated grain 
structure, and hard phase dispersion. Tensile ductility can be 
improved by posMeciystallization heat treatment. The new alloy 
shows some potential for low stress post-extrusion forming. S.D. 


A77-40037 * Reactions of chromium with gaseous NaCI in 

an oxygen environment. C A. Steams. F. J. Kohl, and G. C. Fryburg 
(NASA, Lewis Research Center, Cleveland, Ohio). In: Symposium on 
Properties of High Temperature Alloys with Emphasis on Environ- 
mental Effects. Las Vegas. Nw.. October 1 7-22. 1976, Proceedings. 
(A77-4001 2 18. 261 Princeton, NJ., Fwctrochemical Society, Inc., 
1976, p 655-665 19 refs. 

Target collection techniques and high pressure mass spec- 
trometnc sampling have been used to study the formation of volatile 
chromium-containing species in the reaction of Cr203 in the 
condensed state with gaseous 02 and NaCI. Experiments were 
performed at atmospheric pressure as s function of chromium 
temperature, oxygen pressure, and NaCI concentration. The majot 
chromium-containing vapor species were found to be (NaCI)xCr03. 
with x r 12, and 3. which ate products of heterogeneous reactions 
on the surface. The kinetics indicate first order dependence on 
oxygen and ilium chloride pressures. (Author) 


A77-47964 * v Techniques for increasing boron fiber fracture 
strain. J, A. DtCario (NASA. Lewis Research Center, Cleveland. 
Ohio). American Institute of Mining, Metallurgical and Petroleum 
Engineers. Annual Meeting, 106th. Atlanta, Ga.. Mar 6-10, 1977. 
Paper. 29 p 13 lels. 

Improvement in the strain-to-failute of chemical -vapor 
deposition boton libers is shown possible by contracting the tungsten 
boride core region and its inherent flaws Results of thtee methods 
are presented in which etching and thermal-processing techniques 
were employed to achieve cote flaw contraction by internal stresses 
available in the boron sheath. After commercially and treatment 
induced surface flaws were removed from 203-micron (S-mdl fibers, 
the cote Maw was observed to be essentially the only source of fiber 
fracture. Thus, fiber strain-to-failute was found to improve by an 
amount equal to the treatment-induced contraction on the core Haw. 
To date, average fracture strains and stresses greater than 1.4°n and 
5.5 GN sq m (800 ksi). respectively, have been achieved. Commercial 
feasibility considerations suggest os the most cost-effective technique 
that method in which as-produced fibers are given a raptd heat 
treatment above 700 C. Preliminary results cancel rung the con- 
traction kinetics and fracture behavior observed with this technique 
are presented and discussed tor both high-vacuum and argon-t^ss 
heat-treatment environments. (Author, 




N77 13223'# Ultrasystems, Inc,. Irvine. Calif 

FLAME RETARDANT POLYPHOSPHAZENES Final RopwL 
Jun. 1974 - Jul. 1976 

K. L Paciorek. u. W Karla, and R. H, Kratzor Aug. 1976 
101 p refs 

(Contract NAS3- 17829) 

(NASA-CR- 135090: SN-8262 FI Avail: NHS 

HC AOB/MF A01 CSCL 1 1G 

Three processes for the preparation of polyphosphazenes ware 
investigated: (1) the reaction of bisphosphines with diaiides, 
(2) the condensation of bisdichlorophospharanes with diamines: 
and (3) the treatment of bisphosphines wilh diamines in the 
presence of carbon tetrachloride followed by base dehydrohalogen- 
ation All products obtained were of low molecular weight, the 
degree of polymerization did not exceed twelve repeating units. 
However, several compositions exhibited good thermal stability. 
No weight loss was observed up to 390 C when heated in air 
at 5 C/min. Treatment o' bisphosphines with either an excess 
of a dtaiide or an excess of a diamine in the presence of carbon 
tetrachlonde resulted in the production of ^functional phu- 
sphazenes which were respectively, azitio and ammo terminated 
The reaction of these azido terminated extended monomers with 
bisphosphines did not produce high molecular weight materials 
The brs-aminophosphazene prepared for the first time under this 
contract was successfully incorporated into a polyimide Author 


N77-22266*# Teledyne Microelectronics. Los Angelas, Calif 
A PARYLENE COATING PROCESS FOR HYBRID CIR- 
CUITS 

1976 24 p refs 
(Contract NAS3-T 91441 

I NASA-CR- 13S071) Avail NTIS HC A02/MF A01 CSCL 
1 1G 

The perylene coating process developed during this program 
consists of 1 1 1 obtaining a hybrid cover with a hole in it. 12) sealing 
of the circuit with a holo in the cover. (3) parylene coating 
through the hole with the extornal loads protected from parylene 
by appropriate fixturing. and 14) sealing of the hole by soldering 
a protinnod kovar lab Development of tho above process required 
optimization of tho parylene coaler parameters to obtain a uniform 
consistent coating which could offer adequate protection to the 
circuits, fixture design for packages of various types, determination 
of the size of tho deposition holo. and the amount of dimer 
charge per run, a process to hermetically seel the deposition 
holes and establishment of quality control tochmquaa or 
acceptance criteria for the deposited film Author 


N77-27231’# Uniteo Technologies Research Center. East 
Hartford, Conn 

GRAPHITE FIBER REINFORCED THERMOPLASTIC RESINS 
Final Raport 

Richard C Novak 16 Apr 1977 74 p refs 
(Contract NAS3-20077) 

(NASA-CR- 135 196. R77-9 1 2506- 14) Avail NTIS 

HC A04/MF A01 CSCL 1 1 G 

Tho results of a progrom designed to optimize the fabrication 
procedures for graphitR thermoplastic composites ore described 
The properties of tho composites as a function of temperature 
were measured and graphite thermoplastic fan exit guide vanes 
wore fabricated and tested Throo thermoplastics were included 
in the investigation: polysulfono. polyethorsulfono. and potyarylsul- 
fone Type HMS graphite was used as tho reinforcement Bonding 
fatigue tests of HMS graphite/ polyethorsulfono demonstrated a 
gradual shear failuro modo which resulted in a loss of stiffness 
in the specimens Preliminary curves were generated to show 
tho loss in stiffness as o function of stress and number of cycles 
Fan exit guide vanes of HMS graphite polyethorsulfone were 
satisfactorily fabricated in the final phase of the program. These 
were found to have stiffness and better fatigue beha> or than 
graphite epoxy vanes which were formerly bill of material. 

., Author 
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28 propellants and fuels 

and oxiduers ' 

44 Ene 'BV Production and Conversion. 


fiSSLi c?me 0 r na al 6 eT a n nd Ut Oh 1 o nd ^ Adminis, '« ion 

B.Btm° n AP„ V ON liquefied Natural gas <LNG, 

Paul M. Ordin Apr 1976 664 n 

WASA-TM0C-73408: E-8715) Avail fins HC A88 CSCL 

A - rs? 

Author 


SPaCBAd ' ,,,n,5,ra,,00, 

CSCL21D 701 Ava " NTIS HC A03/MF AO! 

let fuels prepafed'^hom^^s^ate’ln’^^T 85 3,6 Sh0Wn f ° r 32 
degrees of hvd rogena u on °" ^ «>V various 

w.lh nitrogen contents of 0 1 to o I 9,6 ° ,ls - 

breakpoint temperatures ,n the 477 ^ 50 ^ 7 ^ 00 °'^^ h8d 
range Higher severily treatment i„wl, 5 ° 5 K 1400 ,n 450 F > 
to 0 0! 7 weight percent r e! 1 m ? "mugen levels to 0 008 

the 505 to 533 K (450 ro son n pfBahpom ' 'emperaturos in 
showed generally increasinq break 3033 C ° al lle,,ve d hiels 
increasing weight percent hydrogen foete below'" S"*"!'” W ' ,h 
hydrogen having breakpoints below 533 K MO 1 7 ^ Upe,COn ' 
are shown with similar literature data * 5 °° Cor "P:>ri5ons 

Author 


CFNTaVio* L*« jI Dynamics/ Convair. San Diego Calif 

SToJv PROP ELLANT THERMAL CONDmONWG 

U1 H p ZT " L P,BaS8W - 3nd R C Enc, ' 50n Jul >976 
(Contract NAS3- 196931 
(NASA-CR 135032. CASD-N4C 7« iwci 
KCAO7/MFA0! CSCL™ Ava " NTIS 

A wicklng investigation revealed that moen.n ,k 

rr a was ,easib,B - d p-vid h \on p 9 s, 8 ,h :r Bh a 

r 3 A ri aC " Ve svs,Qms usin 9 throttled vent fluid in 3 

S&r- J&jwrsrtr* ~ 
ssrr r “- * sr. zs 
5S=p5S^*sssRaS 

zrsr ^ ,he 

a m nd n soaT'V ie,B T ln ° d hV ^"^"a Chrnaor 0 -T™ 'd-IS^uT 

' wss 

weights wete determined for each vehicle Author 


~77.|!ao-. Atlantic KMU Co. 1 », 

M JET FB0M «»«U 

i MRS 1 5: SSS.M £ r;,x i/fr 

(Contract (MAS3-19747) 376 64 p refB 

CSC S L A 21D ,35,,2: M,76 ,) HC A04/MF AO, 

S~ISp5=3S 

sSSSSS^^B 

m p,aper " Bs 

production. petroleum substitute for jet fuel 

Author 


S 1 '" 1 ' r" 1 "'" •« Space Co. Soon„,|,. 

MKj,i"fs;^s«r.STO« ND "' c * 1 Tun “™ * 

(^trrfl« K NAsIl7%8?' 1974 19 P rBfS 

HC^ A02/MF 3 AO^ 7 CSCL^ D386846) Avai(; NTIS 

due to vapor ingestion at anv dram of arbitrary geometry 
The bulk liquid depth at incmLl J n .v a " d acpe Nation level. 

B limning appr-.mations to these functions. 

Author 


?r 7 eu£^ 

fSTi rSoU"™ " roadened Specification J£t^"5 

rCon,raa' a NAS3 d |97M) maS ^ 82 P refe 

tNASA'CR* 135198; D6-44538) a% t 

HC A05/MF A01 CSCL 21 D Val NT,S 

**•»» ~srs.riiir , jrss^ 
srsstrs nr s k "«■ « -as 

moms for ,h fl h nh f7 U,B fUB,S 3nd beating/ insulation tequire- 
mfnor Ind .“' nB P °' nt ,UBls ware established. Possible 

with fasoect tn h h ® 8,,n9 sy£t " modifications were investigated 

■“ — 

Author 
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N77-302T1 4 # National Bureau of Standards. Washington 0 C 

fl« RESEARCH SPECIALISTS A DIRECTORV 

Nora H. Jason Jul 1977 137 p 
(NASA Order C-97B23-B) 

(NASA-Cfi- 135089. NBSIR-77- 12641 Avail NTIS 

HC A07/MF AOl CSCL 13L 


Specialists are listed from the United States and Canada 
who have made recent contributions to the fire literature, to the 
teaching of fire science or relatod subjocts. oi who have 
participated in or supported fire research programs This work is 
an update of the Directory of Workois in the Fire Field' The 
Directory is divided into three parts The first part, the Specialists 
lnde». is arranged alphabetically The first line notos the name 
followed by the areals] or speaatoation represented by Arabic 
numerals These Arabic nu jrals are used throughout the 
Directory and are defined in a separate listing on page vil. Thu 
second and subsequent lines give the specialist's affiliation, mailing 
address, and telephone number The second part, the Subject 
Specialty Index, alphabetically lists the subjoct areas and the 
corresponding specialist names Entries are limited to two areas 
i special nation per individual The thud pari. The Affiliation 

Index alphabet cally lists rho corporate sources, noting the 
specialists therein If a specialist was affiliated with an organization. 

*11® III? 1 Consul,anI was used to gioup those individuals in 
the Affiliations Index 
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31 ENGINEERING (GENERAL) 

Includes vacuum technology; control engineering; 
display engineering; and cryogenics. 


N77-10311'# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 
INLET NOISE SUPPRESSOR DESIGN METHOD BASED 
UPON THE DISTRIBUTION OF ACOUSTIC POWER WITH 
MODE CUTOFr RATIO c71 

Edward J Rice MmAdvan in Eng, Sci . Vol 3 1976 p 883-694 
rets IFor primary document see N77 10305 01-31) 

Avail NTIS HC A20/MF A01 CSCL 20A 

A liner design for noise suppressors with outer wall treatment 
such as m an engine mlot is presented which potentially 
circumvents the problems cl resolution in modal measurement. 
The method is based on the fact that the modal optimum 
impedance and the maximum possible sound power attenuation 
at this optimum can be expressed as functions of cutoff ratio 
alone Modes with similar cutoff ratios propagata similarly in 
the duct and in addition propagate similarly to the far field 
Thus there IS no need to determine the acoustic power earned 
by these modes individually and they can be grouped together 
as one entity With ihe optimum impedance and maximum 
attenuation specifmd as functions of cutoff ratio, the off-optimum 
liner performance can be estimated using an approximate 
attenuation equation Author 


N77-10312*|)f National Aeronautics and Specs Administration 
Lewis Research Center. Cleveland. Ohio 
ORIFICE RESISTANCE FOR EJECTION INTO A GRAZING 
FLOW c34 

Kenneth J Baumoister In its Arivan in Eng Sci Vol 3 1976 
p 895-905 lefs IFor pnmary document seo N77- 10305 01-311 
Avail NTIS HC A20/MF A01 CSCL 200 

To explain the decrease in orifice resistance with the addition 
of gracing flow, the flow from an orifice was modeled by using 
on mviscid analysis -which is valid when the onfice flow total 
pressuie is nearly the same as i e Ires stream gracing flow 
total pressure Fur steady outflow from an onfico into a gracing 
flow the orifice flow can enter the main gracing flow in an 
mviscid manner without generating laige eddies to dissipate the 
kinetic energy of the jet From the analysis, a simple closed- form 
solution was developed for the steady resistance for ejection 
from an orifice into a grating-flow field The calculated resistance 
compare favorably with data for a flow regime where the total 
pressure difference between the gracing flow and tho orifice 
flow is small Author 


N77-11213*# National Aoronautics and Space Administration. 
Lewis Research Center Cleveland Ohio 

DESIGN STUDY OF STEAOV-STATE 30-TESLA LIQUID- 
NEON-COOLED MAGNET 

George M Prok and Gerald V Brown Washington Nov 1976 
30 p r«<s 

INASA-TN.D-8337, E-8780) Avail NTIS HC A03/MF A01 
CSCL 20L 

A design for a 30 tesla liquid- neon coolod magnet was 
reported which is capable of continuous operation Cooled by 
nonboiling. forced-convection heat transfer to liquid neon flowing 
at 2 8 cu m/min in a closed, pressuriced heat-transfer loop and 
structurally Supported by a tapered structural nbbon. tho 
tape wound colls with a high-puritY-oluminum conductor wii. 
produce over 30 teslas for 1 minute at 850 kilowatts The magnet 
will have an inside diameter of 7 5 centimeters and an outside 
diameter ol 54 centimeters The minimum current density at 
design field will te 15 7 kA/sq cm Author 


N77-12236*(tt National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ghio. 

SPUTTERING 

T. Spalvins 1976 13 p refs Presented at the 2Sth Symp. of 
tho Mech. Failures Prevont. Group. Gaithersburg, Md.. 3-5 Nov 
1976: sponsored by NBS 

(NASA-TM-X-73527. £-8944) Avail: NTIS HC A02/MF A01 
CSCL t3H 

The potential of using the sputtering process as a deposition 
technique is roviowod; howovor tho manufacturing and sputter 
etching aspects are also discussed. The basic mechanism for dr 
and rf sputtering is described. Sputter deposition is piesented in 
terms of the unique advantageous features it offers such as 
versatility, momentum transfer, stoichiometry, sputter etching, 
target goomotry (coating and complex surfaces) precise controls, 
flexibility, ecology, and sputtering rates. Sputtered film characteris- 
tics. such as strong adherence and coherence and film morphology, 
are briefly evaluated in terms o! varying the sputtering parameters 
Also discussod are some of the specific industrial areas which 
are turning to sputter deposition techniques Author 


N77-T3237*# National Aeronautics and Space Administration. 
Lewis Hesoarch Center, Cleveland. Ohio 

OVERVIEW OF NASA OAST EFFORTS RELATED TO 
MANUFACTURING TECHNOLOGY 

Neal T Saunders 11 Nov 1976 10 p P-esented to the 

MTAG-76 DOD Tri-sorvico Conf on Manufacturing Technol . 
Arlington. Tex . 8 1 1 Nov 1976 

INASA-TM-X-73538) Avail NTIS HC A02/MF A01 CSCL 
13H 

An overview of some of NASA s current efforts related to 
manufacturing technology and some passible directions lor the 
future are presented The topics discussed arc computur-aidud 
design composite structures and turbine engine components 

Author 


N77-2B330*f|f National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

BOILING INCIPIENCE AND CONVECTIVE BOIUNG OF 
NEON AND NITROGEN 

S S Papell and R C Hendricks Aug. 1977 18 p refs 

Presented at the joint meeting of the Cryog. Eng Conf. and the 
Intern Cryog Mater. Conf. Boulder. Colo.. 2-5 Aug. 1977 
(NASA-TM-X-73615; E-9099) Avail. NTIS HC A02/MF A01 
CSCL 20L 

Forced convection and subcooled boiling heat transfer data 
for liquid nitrogen and liquid neon were obtained in support of 
a design study for a 30 tesla cryomagnet cooled by forced 
convoction of liquid neon The cryogen data obtained over a 
range of system pressures, fluid flow rates, and applied heat 
fluxes were used to develop correlations for predicting boiling 
incipience and convective boiling heat transfer coefficients in 
uniformly heated flow channels. The accuracy of the correlating 
equations was then evaluated A technique was also developed 
to calculate the position of boiling inclpionce in a uniformly 
heated flow channel Comparisons made with tho expeiimenta! 
data showed a prediction accuracy of » or • 15 percent Author 


N77-2S331*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

EFFECT OF ICE CONTAMINATION OF UOUID-NITROQEN 
OROPS IN FILM BOIUNG 

G J Schoessow (Florida Univ.. Gainesville!. C. E Chmielewskr 
(Indiana Public Service Co . Plainfield), and K. J Baumeister 
Aug 1977 12 p refs Presented at 1977 Cryogenic Engt 

Conf . Boulder, Colo . 2-5 Aug 1977. sponsored by NBS 
(NASA-TM-73704. E-9243) Avail: NTIS HC A02/MF A01 
CSCL 20L 

Previously reported vaporisation time data of liquid nitrogen 
drops in film boiling on a flat plate are about 30 percent shorter 
than piedicted from standard laminar film boiling theory. This 
theory, however, had been found to successfully correlate the 
data for conventional fluids such as water, ethanol, bamene. or 
carbon tetrachloride. Experimental evidence that some of the 


discrepancy for cryogenic fluid* result* from ice contamination 
due to condensation is presented. The data indicate a fairly 
linear decrease in droplet evaporation time with the diameter of 
the ice crystal residue. After correcting the raw data tor ice 
contamination along with convection, a comparison of theory 
with experiment show* good agreement. Author 


*177-30277*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio 

RECENT DEVELOPMENTS IN PHOTOVOLTAIC ENERGY BY 
EROA/NASA-LERC *44 

James N. Oeyo In its Prac of the ASPE/MSFC Symp on Eng. 
and Productivity Gams from Space Tochnol May 1977 p 69-85 
(For primary document see N77-30273 21-31) 

Avail NTIS HCA13/MFA0! CSCL 10A 

Application development activities were designed to stimulate 
the market for photovolraics so that as costs ate reduced there 
will he an increasing market domand to encourage the expansion 
of industrial solar array production capacity Supporting these 
application development activities are tasks concerned with: (1) 
establishing standards and methodology for terrestrial solar cell 
calibration. (2) conducting standard and diagnostic measurements 
on solar cells and modules: and (3) conducting teal time and 
accelerated testing of solar cell modules and materials ol 
construction under outdoor sunlight conditions J.H. 


N7 7-30296*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio 

TRANSFER OF MOLYBDENUM DISULFIDE TO VARIOUS 
METALS 

Gilbert C. Barton (Weber State College. Ogden, Utah) and Stephen 
V. Pepper Aug. 1977 17 p refs 

(NASA-TP-1019; E-8965) Avail NTIS HCA02/MFA01 CSCL 

070 

Sliding friction experiments were conducted with molybdenum 
disulfide single crystals in contact with sputter cleaned surfaces 
of copper, nickel, gold, and 304 stainless steel. Transfer of the 
molybdenum disulfide to the metals was monitored with Auger 
electron spectroscopy Results ol the investigation indicate 
molybdenum disulfide transfers to all clean metal surfaces after 
a single pass over the metal surface with film thickness observed 
to increase with repeated passes over the same surfaces Large 
particle transfer occurs when the orientation of the crystallites 
is other than basal This -s frequently accompanied by abrasion 
of the melai. Adhesion of molybdenum disulfide films occurred 
readily to copper and nickel, less readily to 304 stainless steel, 
and even less effectively to the gold, which indicates a chemical 
effect, Author 


A77-26395 * « Overview of NASA/OAST efforts related to 
manufacturing technology. N, T Saunders (NASA Lewis Research 
Center, Cleveland, Ohio). Manufacturing Technology At fWsory 
Group and US. Department of Defense, Tri sennce Conference an 
Manufacturing Technology. Arlington, Ten., Nov. 8- 7 1, 1 971). Paper. 
9 p. 

Activities of the Office of Aeronautics and Space Technology 
(OAST) in a number of areas related to manufacturing technology 
are considered. In the computet aided design area improved ap- 
proaches are developed -for the design of specific .classes at 
components or structural subsystems. A generalized approach to the 
design of a complete <v: ospace vehicle is also dcvviofxv.i. Elicits 
directed toward an incieased use of composite materials in aerospace 
structures ate also discussed and attention is given to protects 
concerned with the manufacture of turbine engine components. 

- G.R. 
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32 COMMUNICATIONS 

Include* land «nd global communication*; communica- 
tions theory; and optical communication*. 

For related information sea alto 04 Aircraft Communica- 
tions and Navigation and 17 Spacecraft Communications. 
Command and Tracking. 


N77-112S8*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

TEST PROGRAM FOR TRANSMITTER EXPERIMENT 
PACKAGE AND HEAT PIPE SYSTEM FOR THE COM- 
MUNICATIONS TECHNOLOGY SATELLITE 

James F. DePauw. Karl E. Reader, and John V. Staskus 
Washington Nov. 1976 38 p refs 

(NASA-TM-X-3455; E-8832) Avail: NTiS HC AQ3/MF A01 
CSCL 17B 

The test program is described for the 200 watt transmitter 
experiment package and the variable conductance heat pipe 
system which are components of the high-power transponder 
aboard the Communications Technology Satellite. The program 
includes qualification tests to demonstrate design adequacy, 
acceptance tests to expose latent defects in flight hardware, 
and development tests to integrate the components into the 
transponder system and to demonstrate compatibility Author 


N77-21282*# National Aeronautics Bnd Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

COMMUNICATIONS TECHNOLOGY SATELLITE OUTPUT- 
TUBE DESIGN AND DEVELOPMENT 

Denis J Connolly. Ralph Forman. C. L Jones (Litton Industries. 
San Carlos, Calif ). Henry G. Kosmahl. and G. Richard Sham 
Washington Apr, 1977 21 p refs 

(NASA-TM-X-3480: E-87761 Avail. NTIS HC A02/MF A01 


CSCL 17B 

The design and development of a 200-wan-output. traveling- 
wave tube (TWTI for the Communications Technology Satellite 
(CTS1 is discussed, with emphasis on the design evolution during 
the manufacturing phase of the development program. Possible 
further improvements to the tube design are identified. Author 


N77-22310*| National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 

A REAL TIME. LOW COST, DATA ACQUISITION TELECOM- 
MUNICATION NETWORK 

fl fl. Schulte [1976} 22 p 

(NASA-TM-X-73645: E-9151) Avail: NTIS HC A02/MF A01 
CSCL 17B 

The real time, low cost daia acquisition communication 
network described features the use of asynchronous ASCII code 
transmissions operating at 30 characters per second on the dial-up 
telephone system The network features an elaborate, but easily 
generated error checking system, operating in a line-by-lioe 
demand-response mode The sys'em is readily adaptable for any 
low speed computer-to-computsr data transmissions requiring 
high reliability in data transmission. The network was developed 
for me acquisition of prelaunch wind data from the Eastern 
Test Range at Capo Kennedy Author 


N77-26372*i» National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio 

COMPUTER PROGRAM FOR ANALYSIS OF COUPLED- 
CAVITY TRAVELING WAVE TUBES 

Denis J. Connolly and Thomas A Omalley Washington May 
1977 53 p refs , 

(NASA-TN-D-8492: E-8839) Avail: NTIS HC A04/MF AO! 
CSCL 09C 

A flexible, accurate, large signal computer program was 
developed for the design of coupled cavity traveling wave tubes. 
The program is written in FORTRAN IV for an IBM 360/67 
time sharing system The beam is described by a disk model 


and the slow wave structure by a sequence of cavities, or cells. 
Th# computational approach Is arranged so that each cavity may 
have geometrical or electrical parameters different from those 
of its neighbors. This allows the program user to simulate a 
tube of almost arbitrary complexity. Input and output couplers, 
severs, complicated velocity tapers, and other features peculiar 
to one or a few cavities msy be modeled by a correct choice 
of input data. The beam-wave interaction is handled by an 
approach in Which the radio frequency fields are expanded in 
so'utions to the transverse magnetic wave equation. All significant 
space harmonics are retained. The program was used to perform 
a design study of the traveling-wave tube developed for the 
Communications Technology Satellite. Good agreement was 
obtained between the predictions of the program and the measured 
performance of the flight tube. Author 


N77-29363*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio 

USERS' MANUAL FOR COMPUTER PROGRAM FOR 
ONE-DIMEN8IONAL ANALYSIS OF COUPLED-CAVITY 
TRAVELING WAVE TUBES 

Thomas A. Omalley and Denis J. Connolly Washington Aug. 

1977 67 p refs , „ ■ 

ima CA.TM. v.'tnRrt' F-RROOl Avail: NTIS HC A04/MF AOt 


CSCL 09C 

The use of the coupled cavity traveling wave tube for space 
communications has led to an increased interest in improving 
the efficiency of the basic interaction process in these devices 
through velocity ^synchronization and other methods. To analyze 
these methods, a flexible, large signal computer program for 
use on the IBM 360/67 time-sharing system has been developed. 
ThB present report is a users' manual for this program Author 


N77-31366*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

ASDAR (AIRCRAFT TO SATELLITE DATA RELAY) FUGHT 
TEST REPORT „ 

Edward J. Domino. Robert R. Lovell. Marlin J. Conroy, and David 
H. Culp Aug. 1977 21 p , 

(NASA-TM-73744. E-9311) Avail: NTIS HC A02/MF A01 
CSCL17B 

The aircraft to Satellite Data Relay IASDAR). an airborne 
dain collection system that gathers meteorological data from 
existing aiicraft instrumentation and relays it to ground user via 
a geo-synchronous meteorological satellite, is described and the 
results of the first test flight on a commercial Boeing 747 aircraft 
are presented. The flight test was successful and verified system 
performance in the anticipated environment. Author 


A77-24327 * United States societal experiments via the 

Communications Technology Satellite. P. L. Donoughe (NASA, 
Lewis Research Center, Cleveland. Ohio). In: International Con- 
ference on Communications, 12th, Philadelphia, Pa., June 14-16, 
1976j Conference Record. Volume 1. (A77- 24326 09-32) New York, 
l^itute of Electrical and Electronics Engineers, Inc., 1976, p. 1-17 

jlT After a brief description of the Communication Technology 
Satellite and its U.S. coverage, the U S. societal experiments via th» 
CTS are discussed. These include education (college curriculum 
sharing, and project interchange), health care (biomedical com- 
munications, health communications, and communication support 
for decentralized education), and community and special experi- 
ments (satellite library information network, and transportable earth 
terminal). B - J - 


A77-283Q4 * The Communicitiont Technology Satellite 

/CTS/ Program. W. M. Evans, N. G. Davies (Department of 
Communications, Communications Research Cen’rc, Ottawa, 
Canada), and W. H. Hawersaat (NASA, Lewis P .-search Center, 
Clevaland, Ohio), In: Communication satellite systems: An overview 
of the technology. (A77-28301 11-32) New York. IEEE Press, *976, 
p. 13-18. 

The purposes of the joint Canadian-U.S. Communications 
Technology Satellite (CTS) Program are (1) to conduct satellite 
communication systems experiments using the 12- and 14 GHz bands 
and low-cost transportable ground terminals, (2) to develop and 
flight test a power amplifier tube having a greater than 60% 
efficiency with a saturated power output of 200 W at 12 GHz, (3) to 
develop and flight test a lightweight extendible solar array with an 
initial power output greater than 1 kW, and (4) to develop and flight 
test a 3-axis stabilization system to maintain accurate antenna 
boresight positioning on a spacecraft with flexible appendages. Brief 
descriptions of these experiments and of the ground facilities are 
provided. P.T.H. 


M77-24332*# TRW Defense and Space Systems Group. Redondo 
Beech. Calif. 

TRANSMITTER EXPERIMENT PACKAGE FOR THE COM- 
MUNICATIONS TECHNOLOGY SATELLITE 

B. Farbaf. D. $. Goldin, B. Marcut, and P. Mock (1977] 200 p 
refs 

(Contract NAS3- 158391 

(NASA CR-17S03S) Avail: NTIS HC A09/MF A01 CSCL 
17B 

The operating requirements, system design characteristics, 
high voltage packaging considerations, nonstandard components 
development, end test results for the transmitter experiment 
package (TER) ere described. The TEP is osed for broadcasting 
power transmission from the Communications Technology 
Satellite. The TEP consists of a 12 GHz. 200-watt output ttage 
tube (OST), a high voltage processing system that converts the 
unregulated spacecraft solar array power to the regulated voltages 
required for OST operation, and a variable conductance heat 
pipe aystem that is used to cool the OST body. Author 
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33 electronics and electrical 

ENGINEERING 

Includes fast equipment and maintainability; compo- 
nents. a, 8.. tunnal diodes and transistors; microminiaiuriie- 
tlon: and Integrated circuitry. 

For related information see also 60 Computer Operations 
and Hardware and 76 Solid-State Physics 


N77-10436*# National Aeronautics and Space Administration 
Uvyis Research Center. Cleveland, Ohio. 

* r a n n ' n ^RFORMANCE OF A SMALL SIZE TWO 

mwoamJS^ ^5 OL . LECTOR F0R A 48 9 6 6H * h 'gh 

t97fi 0ftMAWCE ^ lntlfim H*pon. Apr. 1975 - j U n. 

p Ramins and T Fox Sep 1976 25 p refs Prepared in 
cooperation with Aeronaut Systems Div . Wnght-Patterson AFB 
unio 

CSC L A Q 9 A X ' 7 3 5 1 3 EB92 °* Avail NTIS HC A02/MF AOt 

Three simple small size two stage depressed collectors were 
designed and experimentally evaluated in comunction with a 330 
rr° l 20 , t ,atl CW ' 4 0 ,0 9 6 traveling wave tube (TWT) 
[ ?"' lh8 ,h,BB demons produced a minimum collector efficiency 
or du 0 percent considering saturated TWT operation at the 
maximum of output frequency and at band edges The highest 
minimum collector efficiency produced was 80.B percent with a 
two stage depressed collector of 4.8 cm drameter by 7 cm 
hiQh internal dimensions Author 


N77-112BS*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

DESCRIPTION AND EXPECTED PERFORMANCE OF 
£n£*tL M0DEl " 12 GIGAH E«TZ. OUTPUT STAGE TUBE 
FOR THE COMMUNICATIONS TECHNOLOGY SATELLITE 

Tone Chomos and Anhur N. Cutron Washington Oct 
18/0 22 p refs 

CSCUDBA X 3441 E ' 87771 Ava ' 1 NT,S Hc A02/MF A01 

The flight model output stage tube for the Communications 
TechncUogy Satellite is described The output stage tube is a 
f4-CrHz. 200-W. coupled cavity traveling wave tube The tube 
has a multistage deptessad collector for efficiency enhancement 
Collector cooling is accomplished by direct radiation to space 
txpected rf performance and factors affecting on orbit perform- 
ance and life are discussed 8 Author 


N77-12297*# National Aeronautics and Space Administration 
Lewis Research Comer. Cleveland, Ohio 

EFnC,E "T- SMALL SIZE. 2 AND 

T STAGE depressed collector for octave band. 

WIDTH HIGH PERFORMANCE TWTS 

H- Kosmah! and P Ramins 1976 9 p Presented at the 

' n ’* r " E|acuon Devices Meeting, Washington. D C„ 6-8 Dec 
1976 

CSCL A 09A X 73B72 ' E ' 90211 Avail NTIS HC A 02/MF AOt 

Improvements were carried out on a TWT (traveling wave 
tuba) for use in EMC (electronic countermeasure) systems by 
applying MDC (mutii-siage depressed collector) and spent-beam 
refocusing techniques. The MDC geometric design consists of 
Six collecting elements lelectrodes) at ground end cathode 
potentials operating in 2 or 4 stage configuration. The refocusing 
system designed allows a controlled beam expansion to the point 
that space charge becomes negligible at the MDC entrance. 
Simultaneously, the standard deviation of the radial velocity 
Ungufai spread) is reduced. This system provides on analog real 
time readout of P(recovered), Data on all tests is obtained with 
art automated data acquisition system. I y 


N77-13331*((( National Aeronautics and Space Administration, 
lawia Research Canter, Cleveland. Ohio 

tion* OWAVE R0wer TU8E8 F0 " SPACE appuca- 

’f 76 J? P P : B6Bn,Bd •' Electron Devices 

Muting, W*#Dmgton. D. C, 6*8 Doc. 1976 

CSCL A 09A X 73671 1 E ' 902O, Avail: NT,S HC A02/MF AOt 

Feasibility evaluations of klystron amplifiers tor conversion 
:.7' pow '* f m synchronous orbit into r„ lc , ow avo pQwe( at 
4.4 GHz and transmission to earth we>i carried out It was 
found t.wt amplltrons and klystrons, using a depressed collector 
augmentation, can achieve efficiencies in excess of 80% if the 
power output is kept higher than 50 kW. Body wound solenoid 
provides the needed beam-focusing field Narrow bandwidth 
requ.rements permit a low cathode loading density of 
0.6 A/sq cm produced at approximately B60 centrgrades. 
Emission tests indicate a potential life expectancy of 20 to 40 

VMf * I M. 


2 a,l0nal Aeronautics and Space Administration. 
Lowts Research Center, Cleveland, Ohio. 

Trf 1 n??,. ^ E w E CTn 1 C * LLV PRE-STRESSING INSULATION 

bvrng G Hansen, inventor (to NASA) Filed 31 Jon 1977 

dumM. '! C "° n The mB * hod comprises placing an uncured, 
durable insulating material, such as an epoxy resin, in an electric 
red and curing the insulating material white maintaining the 

r-nl ° an elac,ric ,ield wi,hin thB insulating material, 

. , ,ectr,c *‘ eld b| esses the breakdown potential in a given 

direction so lhat the insulation is able to withstand a substantially 
greater dc operating voltage of the appropriate polarity. NASA 


N77-17300*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
TRAVELING WAVE TUBE CIRCUIT Patent Application 
Denis J Connolly, inventor (to NASA) Filed 15 Feb 1977 

12 p 

2S^J?T^L ,a0,3 ’ ,; U s - pB < B n«-App|- ii N.768795> Avail 
NHS HC A02/MF A01 CSCL 09 C 

, ™ VBline W8VB ,ubB <TWT) has a slow wave structure 
ISVVS) which is severed into two or morn sections A signal 
path connects the end of an SWS section to the beginning of 
the following SWS section The signal path comprises an 
impedance matching coupler (IMC). followed by an isolator, a 
fij^ 8 Tf 0rr8C,inB ,ilter ' a va,,able phase shifter, and a second 
MC. The aggregate band pass characteristic of the components 
in the signal path is chosen to re|ect. or strongly attenuate, all 
frequencies outside the desired operating frequency range of the 
TWT and yet pass with minimal attenuation in the forward 
direction, ail frequencies within the desired operating frequency 

NASA 


N77-2238B*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. OhiD 
ELECTRIC VEHICLE POWER TRAIN INSTRUMENTATION: 
SOME CONSTRAINTS AND CONSIDERATIONS 

James E Timer and Irving G Hansen 1977 21 p refs Presented 
at Intern Elec Vehicle Exposition, Chicago. 26-29 Apr 1977 
sponsored by Elec Vehicle Council 
(Contract EC-77-A-3 1-101 1) 

(NASA-TM-X-73629. E-9125. ERDA/NASA- 101 1/77/1) Avar) 
NTIS HC A02/MF A01 CSCL 09A 

The 'ipplication of pulse modulation control (choppers! to 
dc motors creates unique instrumentation problems. In particular, 
the hi jh harmonic components contained in the current waveforms 


^ qi \*" Cy '**»<>»*• accommodations not normally 
considered In dc instrumentation. t„ addition to current sensing 
* C , Cq '* * p ? w " r •"••euroment requite* not only adequate frequency 

^ * .r’*' a ' W ' B,s P h »*« B, «f* «UMd by the 
, b «ndveiUth* end component characteristics involved The 
Implications of these problems tre assessed. Author 


N»» ion » l Aeronautics end Space Administration 
Jfifi Research Gen)er. Ctevaland, Ohio. 

tOR IT ITEM FOR 2-GIGAHERT2. 200WATT AMPLIFIER 

n?M ®°** MUNIC * T| ON» TECHNOLOGY EATELUTE 

Uifford E Sieged. Francis Gourash, and Richard W Vasicek 
Washington May 197? 4t p refs 

C N SCL A 09A X 35,6 E 88931 A '' #l1 ntis HC A03/MF AOt 

The alemncnl and environmental requirements for a power 
procosso, system (PPS) designed to supply the appropriate 
voltagos and Currents to a 200 watt traveling wave tube (TWT! 
tor a communication technology satellite is described A block 
diagram of the PPS the interface requirements tietween the 
^ enrl !S l , ' ,cocr e(t. the nnetfaco requirements between the PPS 
and 200-watt TWT. amt the environmental requiromonts of the 
PPS are presented Also included are discussions of protection 
circuits, interlocking sequences, and transient requirements 
Predictions of the flight poifotmanco. bosod on ground lest 
data, me provided Author 


f ,7? a * 3,s *# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio 

A REGULATED HIGH EFFICIENCY, LIGHTWEIGHT CAPAC- 
n T p°hiili? 0t MULT1PUtP OC T0 0C CONVERTER Patent 

nr u a , nq ,r * T M Vors, inwentoro (to NASA) Filed 

Asf W*V 1977 12 p 

WASA-Cm-inv<l279t.1: US Paiant Appl-SN 80t*32) Avail 
NTIS HC A02/MF A01 CSCl 09A 

A voltage multiplier is described which has a capacilor-dlodu 
voltage multiplying network which is fed with voltage pulses 
from * dc source through a fust switching moons Pulses of a 
second polarity are also supplied through a second switching 
meins to the input of the capacitor-diode voltage multiplier from 
a second dc source whose voliege is adjustable u> change the 
voltage of the pulses of second polarity Tire switching means 
are altemstety rendered conducting by signals from a control 
circuit, The second dc source may be controlled by a voltage 
comparator which compares the output voltage of the capacitor 
diode voltage multiplier to the reference source NASA 


I" 773 * 3 ”* National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland, Ohio. 

CONTACT UQU,D MeTAL ELECTRICAL 

CONTACT DEVICE Patent 

D B,,ko,wc ' * nd D *vld H. Culp, inventors 
(to NASA) Issued 17 Mey t9?7 4 p Filed 24 Jut. 1978 

Supersedes N78-29490 114 - 20, p 2S81) 

(NASA-Case-LEW-1 1978-1: US-Patent-4, 023.286, 
US-Palsnl-Appl-SN. 708868 US-PateM-aau-29-828. 
US-P#lsnt-CI*s»-29-S97; US-Patent-Claas-29-622 
US-Patem-Class-29-630E; US.P,,l*m-a**s-204-32A) Avail US 
Patent Office CSCL 09A 

The parts of an electrics! contact device are treated by sputter 
etching to remove the parent metal oxide, Prior to exposure of 
the electrodes to any oxygen, a sacrificial metal is sputter deposited 
on the pints Preferably this sacrificial metal is on« that oxtduos 
slowly and is readily dissolved by the liquid matal The sacrificial 
metal may then be removed from unwanted areas The remainder 
of the nog and the probe to be wet by the liquid metal are 
submerged in the liquid metal or the liquid metal is flushed 
over these areas, preferably while they are being slightly abraded, 
unltl all the sacrificial material on these portions Is wet by the 
liquid matal. In doing so the liquid matal dissolves the sacrificial 


matal and permanently wets the parent metal. Preferred materials 
unta lr> the proovu «nd for th« *ltcttod*i of tJtctttCfti contact 
d * V fV *'* h '° h pu,ily (99 '°*l rucks) or AISI type 304 stainless 
steal for tha electrical contact devices, gallium •• the liquid 
metal, and gold as tha sacrificial material 

Official Gaiatta of tha U.S Patent Office 


N77-2J30I*( National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio 

" IM0TI VOWER CONTROLLER; IT* 
■TATUC. USE AND PERSPECTIVE 

G R, Sundberg and W, W. Billings (Westmglrouae Electric Cotp 
Lima. Ohio) 1977 13 p refs Presented at 1977 Power Elec 
Specialists Conf, Palo Alto, Calif . 14 16 Jun. 1977, sponsored 
by IttE 

CSCL A 09C 73895 6 923,1 AvaH NT,S HC A02/MF A01 

Solid state remote power comrollere (RPCs) ore now available 
to control and protect alt types of loads in both ae and dc 
power distribution systems RPCs possess many outstanding 
qualities that make them atnacllvo toi most system applicn 
lions. A review is given of the present stole -df-tho- art and 
applications for solid state RPC's for both aerospace and terrestrial 
I¥ * ,plns ' Author 


N77-2E3EE* National Aeronautics and Space Administration 
Lewla Research Centar. Cleveland, Ohio. 

SUSTAINED ARC tONITION EVETEM Patent 
Arthur G, Birchenough, inventor (to NASAI Issued 5 Jul. 1877 
to p Filed 3 Jun. 1975 Supersedes N75-2E066 (13 - t6. 
p 1956) 

( NASA-Case-LEW- 1 2444- 1 ; US-Patant-4, 033.3 16, 

US-Patent- Appl-SN -683485, US-Patent-Class- 1 23- 1 4BE 
US-Patent-Claaa- 1 23- 1 48CB. US-Patent-aass-316-1761 Avail 
US Peiant Office CSCL 09C 

Circuitry for maintaining an arc or spark across a spark gap 
for a datlrad tangth of tim« is dincloscd. A bfgh voltaga, ditoct 
current source Is connected in series with a saconrlmy winding 
of a high voltage, atepup Iransfotmer or coll and a spark gap 
auch at a spark plug for example The high voltage aoutco may 
be on continuously or may be turned on and off by a control 
circuit auch as a solid state switch which i*. in turn, responsive 
to a timing device such as a set of ignition contact points or a 
magnetic pulse generator operating in synchronism with a spark 
ignition engine The timing device also provides signals to a 
current switching circuit which innmupts, current flow through 
* »'»«•* winding of the high voltage coil at the proscribed 
time that a spark is desired at the spark gap 

Official Gaiette of the U S Parent Office 


f 177 ' 3 * 3 * 3 ** National Aeronautics and Space Administration 
Lewis Research Centar, Cleveland, Ohio 

^suffjsssr* FAamcATioN of a 30 tesla 

G_ M, Prok. M. C, Swanson, and G V Brown Aug 187? 
18 p refs Presented at the 1977 Oyog Eng Conf. Boulder, 
Colo , 2-fi Aug 1977 

INA5A-TM-X 73660; £-81771 Avail. NTIS HC A02/MP A01 
CSCL 20C 

A liquid neon cooled magnet was designed to produce 
30 tealae in steady operation To ensure the correctness of the 
heat transfer relationships used, supercritical neon hast transfer 
tests were made. Other tests made before the final design included 
teats on the effect of the magnetic field on pump motois, 
tensile shear tests on the cryogenic adhesives, and simulated 
flow studies for the coolant. Tha magnet wilt consist of two 
pairs of colls, cooled by forced convection of stuporcritlcal neon 
Heat from the supercritical neon will be re|octod through boat 
exchangers which are made ot roll bonded coppei panels and 
are submerged in a pool of saturated liquid neon A partial 
mock up coil was wound to idannfy the tooling required to 
wind the magnet This was followed by winding a prototype 
pan of cotta. The prototype winding established procedures for 
fabricating the final magnet and revealed slight changes needed 
In the final design Au(hor 
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N77-2R402*|jf National Aeronautic* and Space Adminiitration. 
lewis Research Center. Cleveland. Ohio, 

SUMMARY OF THE CTS TRANSIENT EVENT COUNTER 
DATA AFTER ONE YEAR OF OPERATION 

N. John Stevens, Vernon W. Klinact. and J. Victor Gore 
(Communications Research Center, Ottawa) Jul. 1977 26 p 
refs Presented at the Nucl. and Radiation Effects Conf. 
Williamsburg, Va.. 12-15 1977: sponsored by the Inst, of Elec, 
and Electron. Engr. 

(NASA-TM-737 10: E-9249) Avail: NTIS HC A03/MF A01 
CSCL 09C 

The satellite electrical system Transient Event Counter (TEC) 
senses and counts transients in three separate satellite wiring 
harnesses. Recently, anomalous behavior of geosynchronous 
satellites has been attributed to the electrostatic charging of 
spacecraft surfaces by the environment during geomagnetic 
substorm activity, resulting in uncommanded switching of logic 
circuits. The function of the TEC is to count transients to identify 
the numbers and distributions of uncommanded pulses capible 
of switching typical spacecraft logic systems; a large number of 
transients have occurred without causing any anomalous electronic 
switching events in the satellite systems. The character of the 
transients seems to imply that additional sensors are required 
to understand the discharge phenomenon on lirge satellites. 
The results of this experiment indicate that satellite system 
immunity to discharge related electronic switching anomalies cat:- 
be obtained by filtering out the harness transients. Author 


N7 /-30314*jH National Aeronautics and Space Administration 
lewis Research Center. Cleveland. Ohio. 

STATISTICS OF THE RADIATED FIELD OF A SPACE TO 
EARTH MICROWAVE POWER TRANSFER SYSTEM 

Grady H. Stevens and Gary Leinmger (Toledo limv . Ohio) |1976] 
39 p refs 

(NASA-TM-X-73684; E-9217) Avail: NTiS HG A02/MF A01 
CSCL 20N 

Statistics such as average power density pattern, variance 
of the power density pattern arid variance of the boam pointing 
error are related to hardware parameters such as transmitter 
rms phase error and rms amplitude error. Also a limitation on 
spectral width of the phase reference for phase control was 
established. A 1 km diameter transmitter appears feasible provided 
the total rms insertion phase errors of the phase control modules 
does not xceed 10 deg. ampiitude errors do not exceed 10% 
rms. and the phase reference spectral width does not exceed 
approximately 3 kHz. With these conditions the expected radiation 
pattern is virtually the same as the error free pattern, and the 
rms beam pointing error would be insignificant (approximately 
10 meters) Author 


N77-32400*| National Aeronautics and Space Administration, 
lewis Research Cantar, Ctavaland. Ohio. 

EFFICIENCY ENHANCEMENT OF OCTAVE-RANDWIDTH 
TWT* RV THE URE OF MULTIRTAOE DERR ERRED 
COLLECTOR* Interim Report 

Peter Ramin* end Thornes A. Fox Sep. 1977 28 p refs 

Sponsored by AFSC 

(NASA-TM-73779; E 3335) Avail: NTIS HC A03/MF A01 
CSCl 09C 

A small size two and four stage depressed collector wet 
evaluated in conjunction with e 4.8 to 9.6 GHz traveling wave 
tut* of 328 to 675 W power output. In spite of large fixed 
t raveling wave tube losses, very significant efficiency enhancement 
was demons! rated with both the two end four stage multistage 
depressed collectors (MDC). The improvement m the overall 
efficiency ringed from a factor of 2.5 to 3.0 for the two stage 
MDC end e lector of 3.0 to 3.5 for the four stage MDC An 
overall efficiency of 37.0 to 44.3 percent across the frequency 
bend was demonstrated with the use of harmonic injection. 

Author 


A77-20269 * A contribution to computer analysis of 

coupled-cavity traveling wave tubes. D. J. Connolly and T. A. 
O'Malley (NASA, Lewis Research Center. Cleveland, Ohio). IEEE 
Transactions on Electron Devices, vol. ED-24, Jan. 1977, p. 27-31. 
14 refs. 

A flexible accurate large-signal computer program has been 
developed for the design of coupled-cavity traveling wave tubes. The 
program is Written for a TSS-360 time sharing system. The beam is 
described by a disk model and the slow wave structure by a sequence 
of cavities or cells. The computational approach is arranged so that 
each cavity may have different geometrical or electrical parameters 
than its neighbors. This allows the program user to simulate a tube of 
almost arbitrary complexity- Input and output couplers, severs, 
complicated velocity tapers, and other features peculiar to one or a 
few cavities may be modeled by a correct choice of input data. The 
beam-wave interaction is handled by a new approach in which the 
RF fields are expanded in solutions to the TM wave equation 
retaining all significant space harmonics. The program was used to 
perform a design study of the TWT developed for the CTS satellite. 
Good agreement w a., obtained between the predictions oi the 
program and the measured performance of the flight tube. The 
internal check on power balance was satisfied within plus or minus 
0.2 per cent of input beam power. (Author) 


A77-20270 * Analysis of spent beam refocusing to achieve 

optimum collector efficiency. N. Stankiewicz (NASA, lewis Re- 
search Center, Cleveland, Ohio). IEEE Transactions on Electron 
Devices, vol. ED-24. Jan. 1977, p. 32-36, 8 rels. 

A reasonable criterion for evaluating the effectiveness of spent 
beam refocusing is the reduction of spent beam turbulence. The rms 
deviation oi particle angles wh .e the angles are calculated from the 
ratio of radial velocity to rxiai velocity is one measure of beam 
turbulence. It is demonstrated that the angular deviation can be 
reduced by almost half in some magnetic field configurations. 
Experimental evidence indicates that beam processing of this type is 
most likely to yield an optimum collector efficiency. (Author) 


A77-20271 * Small-size 81- to 83,5-percent efficient 2- and 

4-stage depressed collectors for octave-bandwidth high-performance 
TWT's. H. G. Kosmahl and P. Ramins (NASA, Lewis Research 
Center, Cleveland, Ohio). IEEE Transactions on Electron Devices, 
vol. ED-24, Jan. 1977. p. 36-44. 11 refs. 

In a joint USAF-NASA Program. Lewis Research Center is 
carrying out an efficiency improvement program on traveling wave 
tubes for use in electronic counter measures by applying multistage 
depressed collector (MDC| and spent beam refocusing techniques. In 
the analytic part of the effort, three-dimensional electron trajectories 
are computed throughout the TWT. On the experimental side, tube 
performance is evaluated first without the MDC; then, the spent 
beam is analyzed for symmetry, circularity, and velocity spread. The 
three-dimensional theory predicts a MDC-efficiency, at mid-band, of 
81 per cent for a 2-stage MDC with symmetric, circular, and 
optimally refocused beams and 85.5 per cent for a 4-stage MDC. 
Experimental results to date have yielded MDC efficiencies of a 
minimum of 81 and 83 per cent for a 2- and 4-stage MDC, 
respectively, across a one-octave bandwidth of a 4.8 to 9.6 GHz 
330-to-550-W TWT. (Author) 


A77-20274 * Use of Auger spectroscopy in the evaluation of 

thermionic cathodes. R. Forman (NASA, Lewis Research Center, 
Cleveland, Ohio). IEEE Transactions on Electron Devices, vol. 
ED-24, Jan. 1977, p. 56-61. 17 refs. 

Auger spectroscopy has been used to evaluate the properties of 
•good’ and 'poor' impregnated tungsten cathodes used in high-power 
microwave wave tubes. The results were interpreted to analyze 
failure modes in cathodes removed from TWT's because of poor 
emission characteristics. Most of the poor cathodes evaluated in this 
program were obtained from fabricated electron guns that had been 
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employed and discarded from the 200-W TWT tubes developed for 
the Communication Technology Satellite program. The results of 
these measurements have shown there are at least two types of 
failure modes that one observes with poor cathodes. They are (1) 
chemical contamination of the cathode surface and |2) low partial 
layer barium coverage of the cathode surface. (Author) 


A77-26398 * ft An 82 to 84 percent efficient, small size, 2 and 
4 stage depressed collector for octave bandwidth high performance 
TWT's. H. Kosmahl and P. Ramins (NASA, Lewis Research Center, 
Cleveland, Ohio). Institute of Electrical and Electronics Engineers, 
International Electron Devices Meeting, Washington, D.C., Dec. 5-8, 
1976, Paper. 9 p. 


A77-32245 * fl A production parylene coating process for 
hybrid microcircuits. V. S. Kale (Teledyne, lnc„ Microelectronics 
Div„ Los Angeles, Calif.) and T. J. Riley (NASA, Lewis Research 
Center, Cleveland, Ohio), Institute of Electrical and Electronics 
Engineers, Electronic Components Conference, Arlington, Va., May 
16-18, 1977, Paper. 8 p. 5 refs. Contract No. NAS3-19144, 

The real impetus for developing a production parylene coating 
process for internal hybrid passivation came as a result of the 
possibility of loose conductive particles in hybrid microelectronic 
circuits, causing intermittent and sometimes permanent failures. 
Because of the excellent mechanical properties of parylene, it is 
capable of securing the loose particles in place and prevent such 
failures. The process of coating described consists of (1) vaporizing 
the initial charge, which is in the form of a dimer; (2) conversion of 
the dimer into a reactive monomer; and (3) deposition and 
subsequent polymerization of the monomer in the deposition 
chamber which forms a uniform parylene film aver all the cold 
surfaces in contact Experimental results are discussed in terms of 
wire bond reliability, resistur drift high-temperature storage charac- 
teristics of parylene, and coating acceptance standards. It Is 
concluded that internal cavities of microelectronic circuits can be 
successfully coated with parylene provided appropriate tooling is 
used to protect external leads from the parylene monomer. S.D. 


A77-40953* Formulation of a methodology for power 

circuit design optimization. Y. Yu, M. Bachmann, F. C. Y. Lee (TRW 
Defense and Space Systems Group, Redondo Beach, Calif.), and J. E. 
Triner (NASA, Lewis Research Center, Cleveland, Ohio). In: Power 
Electronics Specialists Conference, Cleveland, Ohio, June 8-10, 1976, 
Record. (A77-40951 19-33) New York, Institute of Electrical and 

Electronics Engineers, Inc.. 1976, p. 35-44. IS refs. Contract No 
NASS- 19690. 

A methodology for optimizing power-processor designs is 
described which achieves optimization with respect to some power- 
processor characteristic deemed particularly desirable by the de- 
signer, such as weight or efficiency. Optimization theory based on 
Lagrange multipliers is reviewed together with nonlinear program- 
ming techniques employing penalty functions. The methodology, the 
task of which is to minimize an objective function subject to design 
constraints, is demonstrated with the aid of four examples: 
optimum-weight core selection for an inductor with a predetermined 
winding size, optimum-weight inductor design with a given loss 
constraint, optimum-loss inductor design with a given weight 
constraint, and a comparison of optimum-weight single- and two- 
stage input-filter designs with identical loss and other requirement 
constraints, Closed-form solutions for the first three examples are 
obtained by applying the Lagrtnge-multrplier method, but solutions 
for the lost example are found numerically through the use of the 
sequential unconstrained 'minimization technique. F.G.M. 
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A77-409S5 * Modeling of switching regulator power stages 

with end without zaro-inductor-current dwell time. F. C. Lee, Y, Yu 
(TRW Defense and Space Systems Group, Redondo Beach, Calif.), 
and J. E. Triner (NASA, Lewis Research Center, Cleveland, Ohio). 
In; Power Electronics Specialists Conference, Cleveland, Ohio, June 
8-10, 1976, Record. (A77-40951 19-33) New York. Institute of 
Electrical and Electronics Engineers. Inc., 1976, p. 62-72. 10 refs. 
Contract No. NAS3-19690. 

State space techniques are employed to derive accurate models 
for buck, boost, and buck/boost converter power stages operating 
with and without zero-inductor-current dwell time. A generated 
procedure is developed which treats the cantinuous-inductor-current 
made without the dwelt time as a special case of the discontinuous- 
current mode, when the dwell time vanishes. An abrupt change of 
system behavior including a reduction of the system order when the 
dwell time appears is shown both analytically and experimentally. 

(Author) 


A77-40959 * Ultrasonic evaluation of high voltage circuit 

boards. S. J. Klima and T. J. Riley (NASA, Lewis Research Center, 
Cleveland, Ohio). In; Power Electronics Specialists Conference, 
Cleveland, Ohio, June 8-10, 1976, Recotd. (A77-40951 19-33) New 
York, Institute of Electrical and Electronics Engineers, Inc., 1976, p. 
128-135. 7 refs. 

Preliminary observations indicate that an ultrasonic scanning 
technique may be useful as a quick, low cost, nondestructive method 
for fudging the quality of circuit board materials for high voltage 
applications. Corona inception voltage tests were conducted on 
fiberglass-epoxy and ftberglass-polyimide high pressure laminates 
from 20 to 140 C. The same materials were scanned ultrasonieully by 
utilizing the single transducer, through-transmission technique with 
reflector plate, and recording variations in ultrasonic energy trans 
mitted through the board thickness. A direct relationship was 
observed between ultrasonic transmission level and corona inception 
voltage. The ultrasonic technique was subsequently used to aid 
selection of high quality circuit boards for the Communications 
Technology Satellite. (Author) 


A77-40962* Regulation of a lightweight high efficiency 

capacitor diode voltage multiplier dc-dc converter. W. T. Harrigill, Jr. 
and I. T. Myers (NASA, Lewis Research Center, Cleveland, Ohio). In: 
Power Electronics Specialists Conference, Cleveland. Ohio, June 
8-10, 1976, Record. (A77-40951 19-33) New York, Institute of 
Electrical and Electronics Engineers, Inc., 1976, p, 186-189. 

A method for the regulation of a capacitor diode voltage 
multiplier dc-dc converter has been developed which has only minor 
penalties in weight and efficiency. An auxiliary inductor is used, 
which only handles a fraction of the total power, to control the 
output voltage through a pulse width modulation method in a buck 
boost circuit (Author) 


A77-50454 * Traveling-wave tube reliability estimates, lifo 

tests, and space flight experience. V. R. Lalli (NASA, Lewis Research 
Center, Cleveland, Ohio) and C. E. Speck (Case-Westem-Reservc 
University, Cleveland, Ohio). In: Annual Reliability and Maintain- 
ability Symposium, Philadelphia, Pa.. January 18-20, 1977, Proceed- 
ings. (A77-50451 24-38) Piscataway, N.J., institute of Electrical and 
Electronics Engineers, Inc., 1977, p. 12-20. 14 refs. 

Methods of estimating the reliability of TWT's are reviewed 
Values for the mean time between failure of medium-power and 
high-power tubes were computed from data in the literature,.^ P.T.H. 


N77-18248*JV Colorado S'ate Univ., Fort Collins. Dept, of 
Physics. 

INDUSTRIAL ION SOURCE TECHNOLOGY Annual Report 
Harold R Kaufman Nov 1976 99 p refs 
(Grant NsG-3086) 

INASA-CR- 135149) Avail: NTIS HC A05/MF A01 CSCL 


09C A 30 cm electron 

and fabricated for f.eld that employs permanent 

Thl* source has a multipole mag maces An average ion 

magnets between P®""®® p with P 50 o eV argon ions was 

current density of 1 ma / P con Hiiion Th 0 ion beam at this 

selected as a design operating ® and wel | collimated, with an 
operating condition was umfo 5 en , ov er the center 

average variation of plus « , ™ * cm f-cm the .on 

20 cm of the beBm at d “ p , ^ undertaken with 

source. A variety of sputte.ing app catic^wor^ ^ ^ sQUrce 

a small 10 cm ion source ° ” The results of these experimen- 

requirements in these applications Author 

ul studies are also included 


y n Stanford Reseaich Inst Menlo Park. Calif 

METAL ELECTRODES Interim Technical Report, u. 

H 97 T Coffey P a r nd 1 J 7 E Nanevici Apr 19 7 5 31 P 

(Contract NAS3-18912 SRI P>oj 3445) AQ , CSCL 

(NASA-CR- 152839. 1TR-1) Avail NTIS HC A03/ Mr *u 

■ 

conductivity was deterrmned mseveral case ^ an() 

made in a vacuum to . T he coraduct.v.tv of Kapton 
of illumination. 


fOl .23388*# Litton Industries, San Carlos, Calif Electron 

A Ul mo'watt traveling wave-tube for the COM- 
MUNICATIONS TECHNOLOGY SATELLITE Final Report 

C L Jones Nov 1976 238 P refs 

!S.m"S5“ 3 “- NTIS NO *I1/«F *>' “CL 

tal and production units of PPM 1 ^ ^ c(!n|ored 

that produces 226 watts or P coupled cavity 

at 12.080 GHz are .resented The tu ” L“ ® man 26 percent 
RP crcuit with a velocity ( taper f 9 , , s achiavud by 

basic efficiency Overall of iciency o P c0 „ ector dcsignad 

zzsrss S “ '• * 

direct radiation to deep space. The tub. was designed to be 
used for broadcasting power transmission from a AuthQf 


, fa„ safe device back up. A» - 

and compatibility with anticipated loads. 

M77-2940S*# Westinghouse Electric Corp. Lima, Ohio. 

tss^ssSgxsaxsrsj^ 

TYRES OF SOLID STATE Remote r AND 

INQ Technical Report, J“L l* 73 ’ M,y * 

J T. Mitchell Apr. 1977 37* p 

Ka-CR N ^ 3 21 7 6: 71, WAED-77.0 5 E, Avail: NT.S 

HC ^^p^of ^-r^^^:v r el c op^:°i e m 'z 

&2SyS-“S 

designs an ■ dBSC,,beP , jon for overloads All designs have 
inverse, trlp-ofl proteetto ampere low inductance 

demonstrated compatibility ^,'These highly 

sources and comply wtt . , efficient heat transfer 

m, t 1 ’ {S3? Prides top located 

sealed and of (light worthy quality 


N77-30368*# West.nghoi.se Electric Corp Lima. Ohio. 

Aerospace Electrical D.v_ OEVE LOPMENT OF SOLID 

AEROSPACE TECHNOLOGY DEV^urnn 

SSMSK = «£»»• — - 

rw i sr”“.srs t . 

(Contract NAS3-2G083) Avail. NTIS 

(NASA-CR -135199. WAED77-01E) 

HC A09/MF A01 CSCL 09A controllers (RPC) for 

Two types oi transistor developed. 

270/300 Vdc spacecraft d,i * T ' P “ , ent m 9 %) relieble end relatively 

*« ■‘v.iy^ ^ SSSTSe. .... «-» ™ 

low cost RPC dua '«' . ca pablB of limiting maximum 

1 ampere design (TYPE Dnd and the 2 ampere 

overload current to 3 ar " p ® ' °? T 2 ) provides instant tripping 

n0n current limiting design (Type ZK pro overcufren t 

at 10 amperes and above Each design praw^ (unc „ un with 
protection through an inverse l q ^ demQns , rated 5tep 

& fail-safe duvice back-up ’ (( inductance) power 

■ ap p„ed fault capabildY *•* "°" Mt M.L-ST0-704B 

source They havB als , 1 000 V transient immunity, 

specification for power quality ftn eva |p a tion of fuse 

and compatibility w.th anuup urcBS has sh0 wn the complt- 

•Operations with 300Vdc/4OOU .-ni.cotions The study of 

ance of two candidate types o ‘ that if implemented 

technology limitations ravoale sever , y - #bj|rty and sl * e 0 * 

••with improve d ° t also lower voltage devices, 

nert only high voltage DC RPC Author 


H y 7 .2R404*||l Westinghouse Electric Corp , Lima, Ohio 

Aerospace ElectricBl OiY _ ncum OPMENT OF SOLID 

AEROSRACE TCCHNOLOGY WVELOPME ^ ^ yDC 

SS RAT1NGBOF ONE AND TWO AMPERES. 
ONE TYPE HAVING CUPRENT LIMITING 

w. W. Billings Apr. 1977 182 p 

(Contract NAS3-Z0083) Avail NTIS 

(NASA-CR- 136199; 

HC A09/MF A01 CSCL 09C controllers for 

fully tested Simple efficient, n Each des|gn p;ovldes 

designs are described wit . S(J tnp out (unction with 

overcurrent protection through an inverse trip 


N77-30369 *# Westinghouse Electric Corp. Lima. Ohio, 
Aerospace Electrical Dlv ncvriOPMENT OF THREE 

1NG 

J T Mitchell Jun 1S77 272 p ref 

(Contract NAS3- 1777 II Avail NTIS 

(NASA-CR - 1352 1 6. WAED-77-05E) 

HC A12/MF 401 CSCL 09 A Controllers (RPCs) 

for t T 2 h 0V ^p r t^ & 

Each des ‘ 9 " 


provides tripoff protection for overloads. All designs have 
demonstrated compatibility with 4000 Ampere, low inductance 
sources- Significant tests performed were: static, dynamic, 
temperature, faults, transients, and load compatibility perform- 
ances. Author 


N77-314M'| Westinghouse Research Labs.. Pittsburgh. Pa. 

DEVELOPMENT OF A 1000V. 200A. LOW-LOM. FA9T- 
SWITCHING. GATE-ASSISTED TURN-OFF THYRISTOR 

E. S. Schlegel. L. R. Lowry, and D. L Moore 2 Sep. 1977 
111 p refs 

(Contract NAS3-1S801) 

(NASA-CR-1 3496 1 . Hept-77-9FS-GATTT-R1l Avail: NTI5 
HC A08/MF A01 CSCL 09A 

The results of a program to develop a fast high power thyristor 
that can operate in switching circuits at frequencies of 10 to 
20 kHz with very low power loss are given. Feasibility was 
demonstrated for a thyristor that blocks 1000V forward and 
reverse, conducts 200A. turns on in little more than 2 more 
microseconds with only 2A of gate drive, turns off in 3 
microseconds with 2A of gate assist current and has an energy 
dissipation of only 12 mj per pulse for a 20 microsecond half 
sine wave 200A pulse. Data were generated that clearly showed 
the tradeoffs that can be made between the turn off time and 
forward drop. The understanding of this relationship is necessary 
in the selection of deliverable thyristors with turn off times up 
to 7 microseconds to give improved efficiency in a series resonant 
dc to dc inverter application. Author 


N77-323M*! TRW Systems Group. Redondo Bench. Calif. 

DEVELOPMENT OF A STANDARDIZED CONTROL MODULE 
FOR de-TO-do CONVERTERS 

Y. Yu. R. I. Iwens. F. C Lae. and L. Y. Irtouye 30 Aug. 1977 
154 p refs 

(Contract NAS3-18919) 

(NASA-CR- 135072; TRW-26829.000) Avail: NTIS 

HC A08/MF A01 CSCL 09A 

The electrical performance of a power processor depends 
on the quality of its control system. Most of the existing control 
circuits suffer one or more of the following imperfections that 
tend to restrict their respective utility: (1) inability to perform 
different modes of duty cycle control: (2) lack of immunity to 
output filtar parameter changes, and (3) lack of capability to 
provide powtr component stress limiting on an instantaneous 
basis. The three lagging aspects of existing control circuits have 
been used to define the major objectives of the current 
Standardized Control Module (SCM) Program. Detailed information 
on tha SCM functional block diagram, its universality, and 
performance features, circuit description, test results, and modeling 
and analysis efforts are presented. Author 


A77-32237 * Gate assisted turn-off thyristor with cathode 

shunts and dynamic gate. E, S. Schlegel and D. J. Pago (Westinghouse 
Research Laboratories, Pittsburgh. Pa.). In: International Electron 
Devices Meeting, Washington, D.C., December 5-8, 1976, Technical 
Digest. Meeting sponsored by the Institute of Electrical and 
Electronics Engineers. New York, Institute of Electrical and Elec- 
tronics Engineers, Inc., 1976, p. 4B7-490. 7 refs. Contract No. 
NAS3-16801. 

A 1,000-V. 200-A gate-assisted turn-off thyristor (GATT) is 
described, whose design features include an interdigitated shunted 
cathode, a dynamic gate, a means for optimizing the carrier lifetime 
level, and a bypass diode. The device physics of gate-assisted turn-off 
are reviewed. Based on this, improvements in the design are 
described. It is shown that a prime failure mode can be eliminated 
and that the gate-assist signal voltage can be substantially decreased 
by employing a shunted cathode emitter. The test data show 
excellent turn-on charactaristics due to the dynamic gate and the 
tong perimeter of the edge of the main cathode. Turn-off times as 
short as 3 microsec are obtained. The combination of controlling the 
carrier lifetime with a precisely controlled and easily variable 
irradiation dose of high energy electrons with gate assist current 
provides for simple, precision tailoring of the device characteristics to 
the intended application (Author) 


A77-409S2 * A general unified apprrach to modelling 

switching-converter power stages. R. D. Middlebrook and S. Cuk 
(California Institute of Technology, Pasadena. Calif.). In: Power 
Electronics Specialists Conference, Cleveland, Ohio, June B-10, 1976, 
Record. (A77-40951 19-33) New York, Institute of Electrical and 
Electronics Engineers, Inc., 1973, p. 18-34. 10 refs. Contract No. 
NAS3- 19690. 

A method for modeling switching-converter power stages is 
developed, whose starting point is the unified state-space representa- 
tion of the switched networks and whose end result is either a 
complete state-space description or its equivalent small-signal low- 
frequency linear circuit model. A new canonical circuit model is 
proposed, whose fixed topology contains all the essential input- 
output and control properties of any dc-to dc switching converter, 
regardless of its detailed configuration, and by which different 
converters can be characterized in the form of a table conveniently 
stored in e computer data bank to provide a useful tool for computer 
aided design and optimization. The new canonical circuit model 
predicts that, in general, switching action introduces both zeros and 
poles into the duty ratio to output transfer function in addition to 
those from the effective filter network. (Author) 


A77-16607 * Physical properties of thin-film field emission 

cathodes with molybdenum cones. C. A. Spindt, I. Brodie, L. 
Humphrey, and E. R, Westerberg (Stanford Research Institute, 
Menlo Park, Calif,). Journal of Applied Physics, vol. 47, Dec. 1970, 
p. 5248-5263. 37 refs. Grant No. DAHCQ4-73-C-0007, Contract No. 
NAS3-18903. 

Field emission cathodes fabricated using thin-film techniques 
and electron beam microlithography are described, together with 
effects obtained by varying the fabrication parameters. The emission 
originates from the tip ot molybdenum cones that are about 1.5 
micron tall with a tip radius around 500 A. Such cathodes have been 
produced in closely packed arrays containing 100 and 5000 cones as 
well as singly. Maximum currents in •>._ 50-150 microamp per 

cone can be drawn. Life tests with the 100-cone arrays drawing 2 raA 
total emission (or 3 A per sq cm) have proceeded in excess of 7000 
hr with about a 10% drop in emission current. Studies are presented 
of the emission characteristics and current fluctuation phenomena. It 
is tentatively concluded that the emission arises from only one c. a 
few atomic sites on the cone tips. (Author) 
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34 FLUID MECHANICS AND HEAT 
TRANSFER 

Includes boundary layers; hydrodynamics; fluidics; mass 
transfer: and ablation cooling. 

For related information see also 02 Aerodynamics and 
77 Thermodynamics and Statistical Physics. 


N77- 14377*# Notional Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

THREE-DIMENSIONAL POTENTIAL FLOW OVER HILLS 
AND OVAL MOUNDS 

Robert Siegel Washington Dec. 1976 36 p refs 
(NASA-TN-D-8375; £ 8769) Avail: NTIS HC A03/MF A01 
CSCL 20D 

An analysis was made of the ootentisl flow behavior for an 
initially uniform flow passing over a single axisymmetric hill, an 
oval mound, and a combination of two hills. Small perturbation 
theory was used, and the resulting Laplace equation for the 
perturbation velocity potential was solved by using either a product 
solution or a Green's function. The three dimensional solution is 
of interest in calculating the pressure distribution around obstacles, 
the flow of pollutants carried by the wind, and the augmentation 
of wind velocity fa windmill siting. The augmentation in velocity 
at the top of a hill was found to be proportional to the hill 
height relative to a characteristic width dimension of the hilt. 
An axisymmetric hill produced about 20 percent less velocity 
increase than a two dimensional ridge having the same 
cross-sectional profile. Author 


N77-1B343*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland Ohio. 

MAGNETIC HEAT PUMPING Patent Application 

Gerald V. Brown, inventor (to NASA) Filed 30 Nov. 1976 

21 p 

(NASA-Case-LEW-1 2508-1; US-Patent-Appl-SN-746580) Avail. 
NTIS HC A02/MF A01 CSCL 20D 

The magnetic heat pumping method employs ferromagnetic 
or ferrimagnetic elements, preferably a rare earth based material, 
such as gadolinium, and preferably employs a regenerator The 
temperature and applied magnetic field of the element are 
controlled to cause the state of the element as represented an 
a temperature-magnetic entropy diagram repeatedly to traverse 
a loop. The loop may have a first portion of concurrent substantially 
isothermal or constant temperature and increasing applied 
magnetic field, a second portion of lowering temperature and 
constant applied magnetic field, a third portion of isothermal 
and decreasing applied magnetic field, and a fourth portion of 
increasing temperature and constant applied magnetic held Other 
loops may be four-sided, with, for example, two isotherms and 
two adiabats (constant magnetic entropy portions). A regenerator 
may be employed to enhance desifed cooling or heating effects, 
with varied magnetic fields or varying temperatures including 
three-sided figures traversed by the representative point NASA 


N77-17390*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Oh o. 

AN EXPERIMENTAL STUDY Or TRACTIVE TURBULENT 
MIXING 

L P. Cooper. C. J. Marek, and R. A. Strehlow 1977 3' p 

refs Presented at 15th Aerospace Sci. Meeting, Los Angeles. 
24-26 Jan. 1977; sponsored by AIAA 

(NASA-TM-X-73579: E-9041) Avail; NTIS HC A03/MF A01 
CSCL 20D 

An experimental study of two coaxial gas streams, which 
react very rapidly, was performed to investigate the mixing 
characteristics of turbulent flow fields. The center stream consisted 
of a CO-N2 mixture and the outer annular stream consisted of 
air vitiated by H2 combustion. The streams were at equal 
Velocity (50 m/sscl and temperature 121,0 K). Turbulence 
measurements were obtained using hot him anemometry. A 
sampling probe was used to obtain time averaged gas composi- 
tions. Six different turbulence generators were placed in the 


annular passage to alter the flow field mixing characteristics 
The turbulonce generators affected the bulk mixing of the atraama 
and the extent of CO conversion to different degrees. The affects 
can be related to the average eddy size (integral scale) and the 
bulk mixing, Higher extents of conversion of CO to C02 were 
found be increasing the bulk mixing and decreasing the average 
eddy size. Author 


N77-23408*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

INTERACTIVE CALCULATION PROCEDURE FOR SUPER- 
SONIC FLOWS Ph.D. Thesis Case Western Reserve Univ., 
1976. Final Report 

Yehuda Tassa (Cose Western Reserve Univ I. Bernhard H 
Anderson, and Eli Reshotko (Cose Western Reserve Univ I May- 
1977 170 p refs 
(Grant NGR 36-027-064) 

INASA-TM-X-73653. FTAS/TR-76- 125) Avail NTIS 
HC A08/MF A01 CSCL 20D 

An interactive procedure was developed for supersonic viscous 
flows that can be used for either two dimensional or axisymmetric 
configurations The procedure is directed to supersonic internal 
flows as well as those supersonic external flows that require 
consideration of mutual interaction between the outer flow and 
the boundary layer flow The flow held is divided into two regions: 
an inner region which is highly viscous arid mostly subsonic 
and an outer region where the flow is supersonic and in which 
viscous effects are small but not negligible For the outer region 
a numerical solution is obtained by applying the method of 
characteristics to a system of equations which includes viscous 
and conduction transport terms only normal to the stieamlii as 
The inner region is treated by a system of equations of the 
boundary layer type that includes higher order effects such as 
longitudinal and transverse curvature and normal pressure 
gradients These equations are coupled and solved simultaneously 
■n the physical coordinates by using an implicit finite difference 
scheme This system can also be used to calculate laminar and 
turbulent boundary layers ustrtg a scalar eddy viscosity concept 

Author 


N77-2442f‘| National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

FILM COOLING ON THE PRE8SUHE SURFACE OF A 
TURBINE VANE 

James W. Gauntner and Herbert J. Gladden May 1977 17 p 

refs 

(NASA-TM-X-3536; E-8764) Avail: NTIS HC A02/MF A01 
CSCL 20D 

Film-cooling-air ejection from the pressure surface of a turbine 
vane was investigated, and experimental data are presented. This 
investigation was conducted in a four-vane cascade on a J75-size 
turbine vane that had a double row of staggered holes in line 
with the primary flow and located downstream of the leading 
edge region. The results showed that; (1) the average effectiveness 
of film-convection cooling was higher than that of either film 
cooling or convection cooling separately: 12) the addition of smalt 
quantities of film-cooling air always increased the cooling 
effectiveness relative to the zero-iniection case; however, (3) 
the injected film must exceed a certain threshold value to obtain 
a beneficial effect of film cooling relative to convection cooling 
alone. Author 


N77-2S464*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

FLOW AND HEAT TRANSFER IN A CURVED CHANNEL 

Paul F. Brinich and Robert W. Graham Washington May 1977 
40 p refs 

I NASA-TN- 0-8464; E-R027) Avail NTIS HC A03/MF A01 
CSCL 20D 

Flow and heat transfer in a curved channel of aspect ratio 
6 and inner- to outer-wall radius ratio 0.96 were studied. 
Secondary currents and large longitudinal vortices were found. 
The heat-transfer rates of the outer and inner walls were 
independently controlled to maintain a constant wall temperature. 


103 


Hatting th« Inner welt increased the pressure drop along the 
channel length, whereas heating the outer wall had little effect. 
Outer-wall heat transfer was as much as 40 percent greater 
than the straight-channel correlation, and inner-wall heat transfer 
was 22 percent greater than the straight-channel correlation. 

Author 


N77-JMJ1*| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

TWO PHASE CHOKE FLOW IN TUBES WITH VERY 
LARGE I/O 

R. C. Hendricks end R J, Simoneau Aug 1977 23 p ref* 

Presented at the 1977 Cryog. Eng. Cont.. Boulder. Colo.. 2-5 Aug. 
1977; sponsored by NBS 

INASA-TM-7372B; E-9279) Avail NTIS HC A02/MF A01 
CSCL 20D ' 

Data were obtained for two phase and gaseous choked flow 
nitrogen in e long constant area duct of 16200 L/D with e 
diverging diffuser attached to the exit. Flow rate data were tekcn 
along five isotherms (reduced temperature of 0.B1. 0.96. 1.06, 
1.12. end 2.34) for reduced pressures to 3. The flow rate data 
were mapped in the usual manner using stagnation conditions 
at the inlet mixing chamber upstream ol tha entrance length 
The results am predictable by a two phase homogeneous 
equilibrium choking flow model which includes wall friction. A 
simplified theory which in essence decouples the long tube region 
from the high acceleration choking region also appears to predict, 
the date resonibly wall, but about tS percent low. Author 


'N77-2S436*# National Aeronautics and Space Adminiitration. 
Lewis Research Canter. Cleveland. Ohio. 

THERMALLY DRIVEN OSCILLATIONS AND WAVE MOTION 
OF A UQUID DROP 

K. J. Beumeister, R. C, Hendricks, and G. J. Schoessow Aug. 
1977 12 p refs Presented at Natl Haat Transfer Conf. Salt 
Lake City. Utah. 14-17 Aug. 1977; sponsored by Am. Inst, of 
Cham. Engineers 

(NASA-TM-X-73625; E-9117) Avail NTIS HC A02/MF A01 
CSCL 20D 

In the state of Leldenfrost bailing, liquid drops are observed 
to vibrate In e variety of modal patterns. Theories are presented 
which predict the frequency of oscillation end show that the 
observed model patterns of drops correspond to the minimum 
energy oscillatory excitation state. High-speed photographic 
technique* were used to record these motions and substantiate 
the theories. An incipient temperature was also found for water 
drops in film boiling below which free oscillations do not exist. 
In addition to these oscillations, photographic sequences are 
presented which show that wave motion can exist along the 
circumference of the drop. Following the study of free oscillation*, 
the system was mounted on a shaker table and the drof : objected 
to a range of forced frequencies and accelerations. Author 


N77-2S43S‘| National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

ESTIMATING SURFACE TEMPERATURE IN FORCEO 
CONVECTION NUCLEATE ROILINQ: A SIMPLIFIED 

METHOD 

R C. Hendricks and S. S. Papell Aug. 1977 8 p refs Presented 
at 1977 Cryogenic Erigr. Conf.. Boulder. Colo., 2-5 Aug 1977; 
sponsored by NBS 

(NASA-TM-X-73688: E-B223) Avail; NTIS HC A02/MF A01 
CSCL 20D ' 

During • test program to investigate low-cycle thermal fatigue. 
2t ol 22 cylindrical test sections of a cylindrical rocket thrust 
chamber were thermally cycled to failure. (Minder liners were 
fabricated from OFHC copper. Amzlrc. and NARtoy-Z. The cylinders 
were fabricated by milling cooling channels into the liner and 
closing out the backside with electrodeposited copper. The tests 
were conducted at e chamber pressure of 4 14 MN/sq m 
(600 pare) end an oxidant-fuel ratio of 6.0 using hydrogen-oxygen 
as propellants. The average throat heat flux was 64 MW/sq m 
(33 6tu/sq in./see) All of the failures were characterised by a 


thinning of the cooling channel wall and eventual failure by 
tensile rupture The 1/2-hard Amzirc material showed little 
improvement m cyclic life when compared with QFHC copper, 
while the NARloy-Z and aged Amilrc materials had the bast 
cyclic life characteristics. One OFHC copper cylinder was thermall 
cycled 2044 times at a steady-state hot-gas-side wall temperature 
ol 514 X (925 R) without failing. Author 


N77-30413*# National Aeronautics and Spado Administration. 
Lowis Research Center. Cleveland, Ohio 

LIQUID JET IMPINGEMENT NORMAL TO A DISK IN ZERO 
GRAVITY Ph.D. Thesis Toledo Untv. 

Thomas L Labus Aug 1977 118 p refs 

(NASA-TP-101 7. E-8668) Avail NTIS HCA0B/MFA01 CSCL 

20D 

The free surface shapes of circular liquid jets impinging normal 
to sharp-edged disks in zero gravity are determined Zero gravity 
drop tower experiments yielded three distinct (Idw patterns that 
wore classified in terms of the relative effects of surface tension 
and inertial forces An order of magnitude analysis was conducted 
that indicated regions where viscous forces were not significant 
in the computation of tree surface shapes The bee surface analysis 
was simplified by transforming the governing potential (low 
equations and boundary conditions into the inverse plane, where 
the stream function and velocity potential became the coordinates 
The resulting nonlinear equations were solved by standard finite 
difference methods, and comparisons were made with the 
oxpenmental data for the inertia dominated regime Author 


N77-31441*| National Aeronautics and Space Administration. 
Lawii Rasearch Center. Cleveland. Ohio. 

REPRESENTATION OF TURBULENT SHEAR STRESS BY 
A PRODUCT OF MEAN VELOCITY DIFFERENCES 

Willis H. Braun Sep. 1977 50 p refs 

INASA-TP-1029. E-9057) Avail: NTIS HC A03/MF A01 CSCL 

20D 

A quadratic form in the mean velocity for the turbulent 
shear stress is presented. It is expressed as the product of two 
velocity differences whose roots are the maximum velocity in 
the flow and a cutoff velocity below which the turbulent shear 
stress vanishes. Application to pipe and channel flows yields 
the centeriine velocity es a function of pressure gradient, as 
well a* the velocity profile. The flat plate, boundary-layer problem 
I* solved by a system of integral equations to obtain friction 
coefficient, displacement thickness, and momentum-loss thickness. 
Comparisons are made with experiment. Author 


N77-324J1*# National Aeronautics and Space Administration 
Lewi* Research Canter. Cleveland. Ohio. 

MEAN VELOCITY. TURBULENCE INTENSITY, ANO SCALE 
IN A SUBSONIC TURBULENT JET IMPINGING NORMAL 
TO A LARGE FLAT PLATE 

Donald R. Boldman *»d Paul F. Brinich Sep. 1977 35 p raft 
(NASA-TP- 1037; E-89981 Avail: NTIS HC A03/MF A01 CSCL 
20D 

To explain the increase in noise when ■ jet impinges on a 
large flat plate, mean velocity, turbulence intensity, end scale 
ware measured at nominal nozzle-exit velocities of 61, 138. 
end 192 meter* per second with the plate located 7.1 nozzle-exit 
diameters from the nozzle. Tha maximum turbulence intensities 
in free end impinging jets were about the same; however, the 
integral length scale near the plate surface was only about one-half 
the free jet scale. The measured intensities and length scale*, 
in conjunction with a contemporary theory ot aerodynamic noise, 
provided a good explanation for the observed increase in noise 
associated with the impinging jet. An increase in the volume of 
highly turbulent flow could be the principel reason for the increase 
in noise, Author 


104 

N77-U4U'| National Aeronautics and Space Administration 
Lewis Rati ireh Canter. Cleveland. Ohio. 

WMCT OF FIN PASSAGE LENGTH ON OPTtMZATION OF 
CVUNOER HEAD COO UNO FINS 

Robert Siegel and Robert W. Grah»m Sep 1977 34 p refs 
(NASA-TP-1054. E-9098) Avail: NTtS HC A03/MF A01 CSCL 
21A 

The heat transfer performance of baffled cooling fins on 
cylinder heads of small, air-cooled, general-aviation aircraft engines 
was analyzed to determine the potential for improving cooling 
fin design. Flow baffles ware assumed to be installed tightly 
against the fin end edges, an Ideal baffle configuration for guiding 
all flow betwaan the fins. A rectangular flow passaga if tharaby 
formed betwaan each sat of two adjacent Fins, tha fin base 
surface, and tha baffle. These passages extend around each aide 
of the cylinder head, and tha cooling air abaorbe heat aa it 
flows within them. For each flow passage length, tha analyaia 
was concerned with optimizing fin spacing and thickness to achieve 
the best hest transfer for each fin width. Previoua literature hat 
bean concerned mainly with maximizing the local fin conductance 
and has not considered the heating of tha gas in tha flow direction, 
which leads to higher wall temperatures at the fin passage exits. 
If tha fine are close together, there is a large surface area, but 
tha airflow is rastrictad, Author 


N77-324M*# National Aeronautics and Space Administration. 
Lawn Research Canter. Cleveland, Ohio. 

CLOSIO LOOP SPRAY COOLING APPARATUS Patent 
npfincanon 

Donald L Alger. William Schwab, and Edward fl. Furman, inventors 
(to NASA) Filed 31 Aug 1977 II p 
(NASA-Case-LEW-t 198 1 -2; US-Patam-Appl SN-829315) Avail: 
NTIS HC A02/MF AOt CSCL 20U 

A closed loop apparatus for spraying collant against the back 
of a radiation target is described The coolant is circulated 
through a closed loop with a bubble of inert gas being maintained 
around the spray. Mesh material is disposed between the bubble 
and the Surface of the liquid coolant which is below the bubble 
at a predetermine! level In a second embodiment no inert gas 
is used, the bubble consisting of vapor produced when the coolant 
« sprayed against tha target. NASA 


N77-324M*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

MAGNETIC HEAT PUMPING Patent Application 

Gerald V. Brown, inventor (to NASA) Filed 31 Aug. 1977 

21 p 

(NASA-Cese-LEW-1 2508-2; US-Patent Appl-SN-829319) Avail: 
NTIS HC A02/MF A01 CSCL 20D 

A method of magnetic heat pumping is provided which is 
applicable at room temperature and below The method employs 
a ferromagnetic or ferrlmsgnetie element whose state, at 
represented oh a temperature-magnetic entropy diagram, 
rapsatedty it caused to traverse a loop. This method operates 
aa a result of temperature and magnetic field control. A regenerator 
is utilized to enhance desired cooling or heating effects. NASA 


N77-33444*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 

VAPOR INGESTION IN CENTAUR UOUID-HYDROGEN 
TANK 

Eugene P. Symons Oct. 1977 31 p refs 

(NASA-TP-1061; E-9234) Avail: NTIS HC A03/MF AOt CSCL 

20D 

Vapor ingestion phenomena were investigated using scale 
models of the Centaur liquid hydrogen tank to determine the 
height of t f . t i surface of the liquid when vapor is intially 
ingested inf-. tank outlet. Data are compared with an analysis 
and. in gem. nl. the agreement is very good. Predictions are 
presented for minimum liquid levels required in the Centaur liquid 
hydrogen tank in order to prevent vapor Ingestion when restarting 
the anginas in space and the quantities of liquid remaining in 
the tank at vapor ingestion during main engine firing. Author 


A77-13378 * Influence of heat transfer on the stability of 

parallil flow between concentric cylinders. Y. K, Choo (NASA, 
Lewis Research Center, Cleveland, Ohio) and M. C. Potter (Michigan 
State University, East Lansing, Mich.). Physics of Fluids, vol. 19, 
Nov. 1976, p, 1676-1679. 6 refs. 

The stability of the parallel flow of water between concentric 
cylinders at different temperatures Is investigated for infinitesimal 
velocity and pressure disturbances. Primary interest is in the effect of 
heat transfer and the radius ratio a/b on the critical point of the 
neutral stability curve. The results indicate a strong dependence of 
the critical eigenvalues on both the heat transfer and the radius ratio. 
The critical Reynolds number of the nonisothermal flow appears to 
approach a finite value as the inner radius approaches zero (pipe 
flow) by showing an inflection point on the curve of critical 
Reynolds number vs a/b. (Author) 


A77-14533 * Transport processes in boiling and two-phase 

systems, including near-critical fluids. Y.-Y. Hsu (U.S. Nuclear 
Regulatory Commission, Reactor Safety Research Dtv., Washington, 
D,C.) and R. W. Graham (NASA. Lewis Research Center, Cleveland, 
Ohio). Washington, D.C., Hemisphere Publishing Corp.; New v ork, 
McGraw-Hill Book Co., 1976. 5S9 p. 688 refs. S28.50. 

Aspects of pool boiling are considered, taking into account 
nucleate boiling, the nucleate boiling mechanism, film boiling, and 
the transition between nucleate and film boiling. The characteristics 
of two-phase flow are also investigated, giving attention to two-phase 
flow parameters and equations, the flow pattern in two-phase flow, 
the pressure drop in two-phase flow, heat transfer in two-phase flow, 
two-phase flow dynamics, the boiling crisis in two-phase flow, the 
critical flow rate, the propagation of the pressure pi-'se and the sonic 
velocity in two-phase media, instrumentation for ^-o-phase flow, 
and geometry and field effects on boiling and rwo-phase flow. 
Near-critical fluids are also considered. G.R. 


A77-16621 * Derivation of the Navier-Stokes equation. R. 

G. Deissler (N'VSA, Lewis Research Center. Cleveland, Ohio). 
American Journal of Physics, vol. 44, Nov. t976, p. 1128-1130. 10 
refs. 

The proposed approach to the derivation of the Navier-Stokes 
equation ts thought to be more plausible and easier to understand 
than other derivations that can be found in works on fluid 
mechanics. The tensor character of the stress is central to the 
derivation. In particular, a linear relation between stress and strain 
rate is assumed only for the shear, rather than for the full stress 
tensor as is done in most other derivations. An assumption for the 
shear is naturally simpler and easier to verify experimentally. The use 
of tensor analysis is shown to greatly simplify the derivation. V.P. 


A77-19984 • « An experimental study of reactive turbulent 
mixing. L. P. Cooper, C. J. Marek (NASA, Lewis Research Center, 
Cleveland. Ohio), and R. A. Strehlow (NASA, Lewis Research 
Center. Cleveland, Ohio: Illinois, University, Urbana, Hi.). American 
institute of Aeronautics and Astronautics, Aerospace Sciences 
Meeting. 15th. Los Angeles, Calif., Jan. 24-26. 1927, Paper 77-186. 
30 p. 15 rets. 

An experimental study of the turbulent mixing of two coaxial 
gas streams, which react very rapidly (pseudo-hypergoiic chemical 
kinetics], was performed to investigate the mixing characteristics of 
turbulent flow fields. The center stream consisted of a CO-N2 
mixture and the outer annular stream consisted of air vitiated by H2 
combustion. The streams were at equal velocity (SO m/scc) and 
temperature (1280 K). Turbulence measurements were obtained 
using hot film anemometry. A sampling probe was used to obtain 
time averaged gas compositions. Six different turbulence generators 
were placed in the annular passage to alter the flow field mixing 
characteristics. The turbulence generators affected the bulk mixing 
of the streams and the extent of CO conversion to different degrees. 
The effects can be related to tha average eddy size and the bulk 
mixing. Higher extents of conversion of CO to C02 were found by 
increasing the bulk mixing and decreasing the average eddy size. 

(Author) 
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»w 37 i» 3 m c p T rr*- *~ kio9 flui<h ,or *• **>«•** 

vvl^l ^ 3 f° T E ‘ (Si9ma RoS8arch - '" a - Richland. 

Ohfaii?!,^ T ?' Wr * NASA - Lew,J Rosea'ch Center. Cleveland, 
. American institute of Aeronautics and Astronautics Thermo- 

P^njZl^k ,2th ' Albu Mt>rque. N. t/tex., June 27-29, 1977 
W'77'753. 8 p. 9 reft NASA-supported research. 

lifluf* !nd ! m« P . Oii,i0 !’ ^ CQ " 0S ™ °< ‘wo-phase heat transfer 
i d JT i 3 enVel0pes hava been investigated on the basis ol 
sTaWe h ar ',^° rW 3nd ChemiC3 ' ,her modynam,cs. Potentially 
hf M eat I a " , . , .r ( U ' dS <or the Icr nperature range 100 to 360 C 
SI'S '*m.f(ed, and reflu, heat pipe tests initiated with 10 
1 “i * d Carbon 5,eBl and ■ 1 i lJrr| inum envelopes to experimentally 
establish corrosion behavior and noncondensable gas generation 

(Author) 


A77-37280 • if Re-entrant groove heat pipe. W Harwell 

Lrw^lNAsl C r 0 n hPa9e - N ' Y) ' W ' B ' Kau,man ' a " d 

Americn \ UW,S Research Cen ’c'. Cleveland, Ohio!. 

cZZJelTm Asm5 '“' Thermophysics 

77773, g"' t ^W ^' " JUm 2? ' 29 - 79/7 ' Paper 

nine P T' <teSCri , bes ,heorl!, ' cal and experimentally verified heat 
re-entrant ,ICS “lif'* ~ ' a " V 9roo, ' ed aluminum extrusion with a 
**,? tin T mm ^ an is 13 mm diameter with 20 

channe wdh COnS ' S " n9 3 nomfnal 8 diameter 

hollow core A 2 Wlde pasM9 * Wa V connecting the channel to the 
hollow core. A computer program was written to compute the zero 

at; ated 3 ,' Capabil ' ty > b ° A heat pipe was 

ten t of t l , Per,0rmanc " characteristics measured The charac 
im , tan * PC ammonia 81 20 c are: «ro gravity pumping 

non! ~ s; 5,a,,c * itk '"g *»*« 21-5 mm; evaporate? and 
condenser coefficients 7300 and 20,500 w„;:/jq m C. respectively. 

(Author} 


A77-4206T • r Optimum step design for centering of pistons 

2'"" fluid. I. Etsion (Technion l“ae! 

Institute of Technology, Haifa, Israel) and B. J. Hamrock (NASA 

ZdtanlTT Cemer - ClevUlanti ' 0hr °>- American Sociefrof 
fZ Engineers, Applied Mechanics/Bioengineering 'Fluids 
Engineering Summer Conference, Yale University Hew Haven 

Conn.. June IS- 17, 1977, Paper 77-FE-3Q. 8 p. 7 refs Members’ 
Si SO; nonmembers, S3.00. members, 

vvithin y f?| d r i 7 C eff6CtS T an3ly2ed ,ora sttpped p i«on moving 
within a tight clearance tube filled with an incompressible fluid 

p™ a r »!J , e hvdr t os,a,, ° < h at were ar.viy.cd on earli^ 
far cenr.r r c '* ° b,ainBd 8nd an «P«™m step oc, a „ 

L l , 0 ! !hB P ‘ 5, ° n is 5U99ested - axial speed resulting 
ad ax .' a ' dnv,n 3 f °rce is calculated, and some experimental 
results for pistons falling in a water filled tube are presented. 

(Author) 


A77-4B427 y Friction factor for isothermal and non- 
Iso thermal flow through porous medlt. J. C. Koh, J. L. Dutton B A 
Benson (Boeing Co., Seattle, Wash.), and A. Fortini (NASA Lewis 
Research Center. Cleveland, Ohio). ASMS, Transactions, Series C - 
Journal of Heat Transfer, vol. 99, Aug, 1977, p. 367-373 14 refs 
Contract No. NAS3-12012. 

Measurements were performed to determine the pressure drops 
for gaseous flow through porous maierials of different micro- 
structures porosities, and thickness under isothermal and non- 
isothermal conditions at various temperature levels. Results were 
satisfactorily correlated by a simple equation relating the friction 
factor to the Reynolds number and porosities. (Author) 


M77-1B344*# Stanford Univ.. Calif 

NASA D« , r 976 W 246 ^ ^ W,iht ""°" 

(Contract NAS3- 14336) 

CSCL A 20D 2786; SU HMT ’ 26! Avai * NTIS HCA11/MFA01 

lavZlVhTZ' b * hSV L°' was 8,udied in * lurbulent boundary 
fayer With full coverage film cooling through an array of discrete 

dot?,Ue n am W dl i r C ' IO , n 3 ° de « “ ,ha "•« 

siao?m?d T , d on ' 5lanlon numbers were measured for a 
staggered hole pattern with pitch-to-diameter ratios of 6 and 
10. an injection mass flux ratio range of 0.1 to 13 and a 

Ai? wafpwTs'fa nUmi r R * SUb * ° f ,50 - 000 5 miltfon 

varieTfrom 9 B , * -vTo 9 , d ' and ,hc ma m stream velocity 

were^ taken faf a m/sBC 132 1,2 */*«*> The data 

were taken for secondary injection temperature equal to the 

The dafaTav b 0 T*' 50 ,he mjins '«“ lemperature. 

The data may be used to obtain Stanton number as a continuous 

lzz on ^::,Tr: ,Bmp r ure by use 

theory The heat transfer coefficient is defined on the basis of a 

r^ compinson' T^T' 0 da ^Ln plmi tl 

comparison of performance between film cooling and 

t ans p iration cooling. A differential prediction method was 
oveloped to predict the film cooling data base The method 

fa J mortal T 6 d ' me ? IOnal boundaf V la Ver program with routines 
iL h ,n| ^ 0n pfoCBSS and turbulence augmentation 

: r h r m ,h u S,reamwise d ' ra ution. and when a 

row of holes is encountered, it stops and injects fluid into the 
boundary layer The turbulence level is modeled by algebraically 
~ 9 ' bB m "" np '-9‘b. with the augmenlation keyed ^ 
a penetration distance for the injected fluid Author 


N77-16288*# Cornell Univ.. Ithaca. N Y 

AN EXPERIMENTAL STUDY OF A SELF-CONFINED FLOW 
W^R.NG-VORT'CTy D, ST R, 8 UT.ON Rh 

(GrenTNGL^3-0?0-042r " M °° r6 AU9 ' 976 159 p fe,s 

20D SA Cfl 135,041 AVa '' NT ' S HC A08 / MF A °1 CSCL 

A new form of self-confined flow was investigated in which 
a recirculation zone forms away from any solid boundary An 

a^ S vmml,° W r^ 5 ' 5 l,1dica,Bd that a Purely mer.dional 
axisymmetnc flow a stationary, spherical, self-confinod region 

should occur in the center of a streamlined divergent- 
convergent enlargement zone The spherical confinement region 
would be at rest and at constant pressure Experiment 

mT l M t Tl V 'T t! Camed 0u! ,n 3 spei:ial| v bu.lt test apparatus 
fa establish the des.red confined flow The streamlined divergem- 

~? Cn : m,eri °' shape of the test section was fabricated 
according to the theoretical calculation far a particular streamline 

I m !T V ° n ' C,tV dlstr, bution was generated by producing 

a vofadty profile with a shaped gauze screen ,n the straight 
pipe upstream of the lest section Fluid speed and turbulence 
intensity were measured with a constant-tempe iture hot-wire 

:~br<;r,x The measured resui,s ,nd,t:a ' ed a vBfv ^ 

Author 


N77-16290*# Stanford Univ.. Calif 

STANS: A PROGRAM FOR NUMERICAL COMPUTATION 

Souwar D y^er7lSws NTEBNAL AND EXTEnNAL 

tdtn a f nd W M Kays VVashlngton NASA Nov 

1976 136 p refs 

(Contract NAS3-14336; Grants NGR-06-020-134 
NSF GK-534; NSF GK-2201) 

CSCL A 20D 2?42: SU ' HMT ' 231 Ava,! NTIS HC A07/MF A01 

art h A '?h Be V8,ietV ° f ,W ° d 'm<insional flows can be accommodai- 
•d by the program, including boundary layers on a flat plate 
flow inside nozzles and diffusers (for a preset, bed potential flow 
distribution), flow over axisymmetnc bodies, and develoomg and 
hilly developed flow inside circular pipes and flat diets The 
flows may be laminar or turbulent, and provision is made fa 
handle transition 10 

Author 


N77-20375'# Grumman Aerospace Corp . Bethpuge. N Y 

ANALYSIS AND TESTS OF NASA COVER TED GROOVE 
HEAT RIFE Final Report 

Cleveland, Ohm NASA Dec 1976 55 p refs 
(NASA Order C-65532) 

(NASA CR- 135 1 56) Avail NTIS HC A04/MF AOI CSCL 
20D 

A low-cost thermal control heat pipe having nearly covered 
grooves extruded in aluminum was developed at NASA Analytical 
predictions o( transport capability aie in excellent agreement with 
experimental results using ammonia Axial heat transport 
predictions as a function of fluid chaige are presented also for 
meihana. ethane, propane, and butane Experimental tests show 
performanc* considerably better than that of open groove extruded 
pipes and iompanng favorably with that of more complicated 
anenal/wick configurations For ammonia at 20 C. the covert 
groove pipe obtained a static wtcking height of 2 5 cm and an 
axial heat transport capability of 143 W-m Author 


N77-213S0*# Aerojet Liquid Rocket Co . Sacramento. Calif. 

COMBUSTION EFFECTS ON FILM COOLING Final Report, 
20 May 1974 - 31 Jul. 1975 

D. C. Rousar and R. L Ewen 24 Feb. 1977 195 p rels 
(Contract NAS3-17813) 

(NASA-CR- 136062) Avail: NTIS HC A09/MF AOI CSCL 
20D 

The effects of: (1) a reactive environment on film cooling 
effectiveness, and (2) film cooling on rocket engine performance 
were determined experimentally in a rocket thrust chamber 
assembly operating with hydrogen and oxygen propellants at 
300 psi chamber pressure Tests were conducted using hydro- 
gen, helium, and nitrogen film coolants in an instrumented, thin 
walled, steel thrust chamber The film cooling, performance loss, 
and heat transfer coefficient data wete correlated with the ALRC 
entrainment film cooling model which relates film coolant 
effectiveness and mixture ratio at the wall to the amount of 
mainstream gases entrained with the film coolant in a mixing 
layer In addition, a comprehensive thermal analysis computer 
program. HOCOOL, was' prepared from previously existing ALRC 
computer programs and analytical techniques Author 


N77-27347*# Combustion. Heat and Mass Transfer Ltd., 
Wimbledon (England). 

PREDICTION OF HVORODYNAMtCS AND CHEMISTRV OF 
CONFINED TURSULENT METHANE-AIR FLAMES WITH 
ATTENTION TO FORMATION OF OXIDES OF NITROGEN 

S. Elghobashi, 0 B Spalding, and S K. Siivatsa Mar 1977 
269 p refs 

(Contract NAS3- 18940) 

(NASA-CR- 135179: CHAM-951/2) Avail. NTIS 

HC A12/MF AOI CSCL 20D 

A formulation of the governing partial differential equations 
for fluid flow and reacting chemical species in a tubular combustor 
is presented A numerical procedure for the solution of the 
governing differential equations is described, and models for 
chemical equilibrium and chemical kinetics calculations are 
presented The chemical equilibrium mode! is used to characterize 
the hydrocarbon reactions The chemical kinetics model is used 
to predict the concentrations of the oxides of nitrogen. The 
combustor consists of a cylindrical duct of varying cross sections 
with concentric streams of gaseous fuel and air entering the 
duct at one end Four samplo cases with specified inlet and 
boundary conditions are considered, and the results are 
discussed Author 


N77-2S430*# McDonnell-Douglas Astronautics Co,. Huntington 
Beach. Calif. 

EFFECT OF TRANSIENT LIQUID FLOW ON RETENTION 
CHARACTERISTICS OF SCREEN ACQUISITION SYSTEMS 
Final Report. Jtm. 1S7S - Mar. 1977 

E. C. Cady Apr. 1977 206 p 
(Contract NAS3-197 19) 

INASA-CR- 135218: MDC-G6742) Avail: NTIS 

HC AOI/Mir AOI CSCL 20D 


A design analysts, is developed based on experimental data, 
to predict the effects of transient flow and pressure surges {caused 
either by valve or pump operation, or by boiling of liquids in 
warm lines) on the retention performance of screen acquisition 
systems A survey of screen liquid acquisition system applications 
was performed to determine appropriate system environment and 
classification A screen mode! was developed which assumed 
that the screen device was a uniformly distributed composite 
orthotropic structure, and which accounted for liquid inflow/ 
outflow, gas ingestion quality, screen stress, and liquid spill A 
seties of 177 tests using 13 specimens (5 screen meshes. 
4 screen device construclion/backup methods, and 2 orienta- 
tions) with three test fluids lisopiopyl alcohol. Freon 114. and 
LH2) provided data which veufied important features of the screen 
model and resulted in a design tool which could accurately predict 
the transient startup performance acquisition devices Author 


N77SS4S7*| Southwest Research Inst.. San Antonio, Tax 

STUDY OF LIQUID JET IMPINGEMENT ON SCREENS 
FM R apart 

Franklin T. Oodga and Randall E Ricker Sap 1976 SO p 

rah 

(Contract NAS3-20086) 

(NASA-CR- 135260: SwRI-02-4492) Avail NTIS 

HC A03/MF AOI CSCL 200 

A model h presented for an unconfined flow, such at a 
free jat. impinging on a screen which incorporates the influence 
of liquid deflection by the screen The boundary layer blockage 
coefficient is introduced. This coefficient depends on the screen 
weave geometry and the jet impingement angle, and essentially 
accounts for the increase m fluid particle trajectory length through 
the screen resulting from the flow deflection Comparisons ware 
made with previous experimental studies to determine empirical 
values cf the blockage coefficient It is concluded that the new 
model reliably predicts the bulk flow and penetration characteris- 
tics of an impinging liquid jat interacting with a screen. Author 


A77-13730 * “ Similarity solution of the boundary-layer 
equations for laser heated flows. P. K. Wu (Physical Sciences. Inc., 
Woburn. Mass.). AIAA Journal, vol. 14. Nov. 1976. p. 1659 1661 11 
refs. Contract No. NAS3- 19695. 

The laminar boundai y-layet equations with local similarity 
approximation are solved in order to estimate the heat transfer rate 
to the wall in a laser-heated rocket thruster using pure hydrogen, 
whore the average temperature of the hot plasma core is about 
14,000 K and the cote Reynolds number based on nozzle throat 
diameter is about 2000. Under these conditions, the density viscosity 
product at the wall can be 10 times the freestreani value, and the 
hydrogen is completely dissociaied. Hence the boundary layer 
equations with variable transport properties are solved by a quasi 
linearization technique, and the equilibrium properties of hydrogen 
are used in the calculations. Velocity profiles 3te obtained, and the 
wall shear and wall stagnation enthalpy gradient aie plotted against 
the pressure gradient parameter. P.T.H. 
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35 INSTRUMENTATION AND 
PHOTOGRAPHY 

(.-.eludes remote untort: manuring instrument! and 
gages: detector!: cameras and photographic aupplies; and 
holography, 

for aerial photography we 43 Earth Rasourcai. For 
related information mb alto 06 Aircraft instrumentation , 
and 19 Spacecraft Instrumentation. 


N77-113MV National Aeronautics and Space Administration. 
Lewis Rawatch Center. Cleveland, Ohio 

SCANNING RADIOMETER FOR MEASUREMENT OF 
FORWARD-SCATTERED LIGHT TO DETERMINE MEAN 
DIAMETER OF SPRAY PARTICLES 

Donald R, Buchele Washington Nov 1976 18 p re's 
iSASA-TM-X-3454; E-88I6I Avail: NTIS HC AO’./MF AOt 
CSCL 14B 

A scanning radiometer is reported that measure! forward- 
scattered light to determine the mean diameter of spray particles 
An optical scanning method gives a continuous measurement of 
the light-scattering angle during spray nozzle tests. A method of 
calibration and a correction for background light are presented. 
Mean particle diameters of 10 to 500 micrometers can be 
measured. Author 


N77-17429*! National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

LASER DOPPLER, VELOCIMETER SYSTEM FOR TURBINE 
8TATOR CASCADE STUDIES AND ANALY8IS OF STATISTI- 
CAL BIASING ERRORS 

Richard G. Seasholtz Washington Feb. 1977 48 p refs 
(NASA-TN-D-8297; E-8799) Avail: NTIS HC A03/MF A01 
CSCL 14B 

A laser Doppler velocimeter (LDV| built for use in the Lewis 
Research Center's turbine stator cascade facilities is described. 
The signal processing and self contained data processing are 
based on a computing counter. A procedure is given for mode 
matching the laser to the probe volume. An analysis is pre- 
sented of biasing errors that were observed in turbulent flow 
when the mean flow was not norma! to the fringes. Author 


N77-18419*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

ANALYTICAL PROCEDURE FOR EVALUATING SPECKLE- 
EFFECT INSTRUMENTATION 
Arthur J. Decker Washington Feb, 1977 35 p refs 
(NASA-TM-X-3478: E-8924) Avail: NTIS HC A03/MF A01 
CSCL 148 

A genera! analysis suitable for developing speckle effect 
instruments and a simplified analysts suitable for evaluating laser 
speckle instrumentation are presented. The simplified analysis is 
summarized as a list of equations. Several sample applications 
are discussed. Author 


N77-20408’# National Aeronautics and 5pace Administration 
Lewis Research Center. Cleveland. Ohio. 

FLOW COMPENSATING PRESSURE REGULATOR Patent 
Application 

Edward F. Baehr. inventor (to NASA) Filed 21 Mar 1977 

10 p 

(NASA-Casa-LEW-12718-1: US-Patent-Appl-SN-779428) Avail: 
NTIS HC A02/MF AOl CSCL 14B 

An apparatus for regulating pressure of treatment fluid 
being supplied to a human or animal eye during ophthalmic 
procedures such as cataract surgery is disclosed. Flow sensing 
and pressure regulating diaphragms are provided in a body to 
modulate a flow control valve. The pressure regulating diaphragm 
is connected to the flow control valve to open the valve. The 
flow sensing diaphragm is mechanically connected to the flow 
control valve and opens it because of the differential pressure 
on the diaphragm generated by a flow of incoming treatment 


fluid through an orifice in the diaphragm. A bypass connection 
with a variable restriction is connected in parallel relationship to 
thejarlfice to provide for adjusting the sensitivity of the flow 
sensing diaphragm. NASA 


N77-25487*# National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio. 

MINIATURE DRAG-FORCE ANEMOMETER 

Lloyd N. Krause and Gustave C. Fralick Washington Jun 1977 
26 p refs 

(NASA -TM-X-3507. E-9087) Avail: NTIS HC A03/MF A01 
CSCL 14B 

A miniature drag-force anemometer is described which is 
capable of measuring dynamic velocity head and flow direction. 
The anemometer consists of a silicon cantilever beam 2 5 mm 
long. 1.5 mm wide, and 0.25 mm thick with an integrated 
diffused strain-gage bridge, located at the base of the beam, as 
the force measuring element. The dynamics of the beam are 
like those of a second-order system with a natural frequency of 
about 42 kHz and a damping coefficient of 0.007. The anemometer 
can be used in noth forward and reversed flow Measured flow 
characteristics up to Mach 0.6 are presented along with application 
examples including turbulence measurements Author 


N77-27370*# National Aeronautics and Space Administration 
Lewi! Research Center. Cleveland. Ohio. 

A LOW COST, PORTABLE INSTRUMENT FOR MEASURING 
EMITTANCE 

G. McDonald Jun. 1977 It p refs Presented at the 10th 
Ann. Meeting of the Intern. Solar Energy Soc.. Orlando. Fla.. 
6-10 Jun. 1977 

(NASA-TM-73697) Avail: NTIS HC A02/MF A01 CSCL 14B 
A low cost, portable instrument was developed with which 
emittance can be measured by comparison to a standard A 
reflect! r collects infrared radiation from a heated sample onto a 
tow mass, black detector and the temperature rise of the black 
detector is measured with a thermocouple and meter. Graphical 
examples are presented for determination of emittance from 
measurements made on a sample at any known temperature 

Author 


N77-284BB*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

EVALUATION OF TWO GAS-DILUTION METHODS FOR 
INSTRUMENT CALIBRATION 

Albert Evans. Jr. Jul. 1977 21 p rafs 

(NASA-TM-73753: E-92871 Avail: NTIS HC A02/MF A01 
CSCL 148 

Two gas dilution methods were evaluated for use in thB 
calibration of analytical instruments used in air pollution studies. 
A dual isotope fluorescence carbon monoxide analyzer was used 
as the transfer standard. The methods are not new but some 
modifications are described. The rotary injection gBS dilution 
method was found to be mare accurate than the closed loop 
method. Results by the two methods differed by 5 percent. This 
could not be accounted for by the random errors in the 
measurements. The methods avoid the problems associated with 
pressurized cylinders. Both methods have merit and have found 
a place In instrument calibration work. Author 


N77-2S470*)(I National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

OPTICAL ZERO-DIFFERENTIAL PRESSURE SWITCH AND 
ITS EVALUATION IN A MULTIPLE PRESSURE MEASURING 
SYSTEM 

(I. Anthony Powell Washington Aug. 1977 23 p refs 
{NASA-TM-X-367 1 : E-9t39) Avail: NTIS HC A02/MF A01 
CSCL 148 

The design of a clamped-diaphragm pressure switch is 
described in which diaphragm motion is detected by a simple 
fiber-optic displacement sensor. The switch was evaluated in a 
pressure measurement system where it detected the zero crossing 


108 

at tha differential pressure batwain « wane last piessure and a 
tank pressure that wss penorticatlv ramped (torn naer taro to 
tullacata saga pressure. With a ramping frequency of 1 heiu 
and a full-scale tank pressure of 89 N/sq cm gage 1100 ptigr, 
tha switch delay was as long as 2 milliseconds Pressure 
measurement accuracies were 0 25 to 0 75 percent of full scale. 
Factors affecting switch performance ate also discussed Author 


1877 
04. p 


Avail 


N77-32484* National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland, Ohio 

THERMOCOUPLES Of TANTALUM AND RHENIUM ALLOT* 
FOR MORE RTARLE VACUUM-HIGH TEMPERATURE 
PERFORMANCE Patent ■ ■ 

Jamee F. Mottle, Inventor (to NASA! lesued 30 Aug 
6 p Filed 8 Nov 1976 Supersedes N 78 - 13454 114 
04531 

(NASA-Cast-LEW-12050-1, US-Petent-4.045,247. 

US-Pstent- Appl-SN-629457. US-Patem-CIsss- 136-240: 
uS-Patent-Cfatt- 1 38-202 ; US-Pateni-CIsss- 138-236RI 

US Pelent Office CSCL 148 

Thermocouples of the present invention piovide stability end 
performance reliability in systems involving high temperatures 
end vacuum* by employing a bimetallic thermocouple seoeor 
wherein each metal ol the sensor is selected from a group of 
metals compti»(.i« tantalum end rhenium and alloys containing 
only ihoie two metels The tantalum, rhenium thermocouple 
sensor alloys provide bate metal thermocouple senior* having 
advantageous vapor pressure compatibilities end performance 
characteristics The compatibility and physical characteristics of 
the thermocouple sensor alloys of the present invention result 
In improved ami, temperature properties and thermocouple hot 
Itinction performance The thermocouples lormed of the tenia 
him. rhenium alloys eshlbit reliability and performance stability 
in systame involving high teuiperatuies and vacuums and are 
adaptable to space propulsion and power systems and nuclear 
environments. Official Gaietto of the U S Patent Office 


N77-S24S1*# National Aatonaullcs and Space Administration, 
Lewis Research Center, Cleveland, Ohio, 

INDICATED MEAN EFFECTIVE PRIEEURI INCTRUMENT 


WMiem J, Rice, inventor (to NASAI Filed 28 Sep. 1B77 
10 p 

iNASA-Caae-lfW- 1286 1-1; US-Pstem-Appl-SN.637786) Avail: 
NT1S HC A02/MF AO! CSCL 14* 

Them s disclosed an apparatua for maasuring Indicated Mean 
Effective Pressure IIMEP) of an Internal combustion piston or 
rofivy tngint bf of *n •xttrnil combustion luch M • 

•tiding engine. An optical shaft encoder measures crankahaft 
angle of the engine, Changes In volume with letpeci to chengee 
in crankangle of one or more cylinder* IdV/ d theta) are determined 
either empirically or algebraically from engine geometry end 
stored In • memory. Ae the crank angle chengee. dV/d theta la 
read from the memory and multiphed by changer or cylinder 
pressure. The product (P dV/d thete) is then added to the total 
previously accumulated in the cycle Each time thete chengee 
by an amount equal to delta theta, the procese la repeated At 
the end of each angina cycle, tha total it equal to the IEMP 


value for that cycle. 


NASA 


A77-26783 “ parrormance ol soma miniature preuute trans- 

ducers subfacted to high rotational speeds and centripetal 
accelerations. H. L. Minkin (NASA, Lewis Research Center, 
Cleveland, Ohio). In: Advances in test measurement. Volume 13- 
Proceeding* of the Twenty-second International Instrumentation 
Symposium, San Diego, Calif,, May 25-?T, 1976. (A77-26776 11-3B) 
Pittsburgh, Pit., Instrument Society of America, 1976, p. 55-60. 


A 77-26797 * An automated secondary standard for calibrat- 

ing liquid flowmeter*. H. P, Hobart (NASA, Lewis Research Center, 
Cleveland! Ohio). In; Advances In lest meaiunmwnt, Volume 13 
Proceedings ol tho Twenty-second International Instiumentatlon 
Symposium, San Diego, Calif,, May 25 27, 1976, (A77-26776 1 1-351 
Pittsburgh, Pa., instrument Society o* America, 1976, p, 206-209. 

A secondary working standard of flow calibration has been 
developed to be used in place of a primary weight-time standard, and 
which can thereby effect a 75 percent reduction in calibration time 
while maintaining acceptable accuracies, Tho secondary standard uses 
six previously calibrated turbine-typo flowmeters built into two 
manifold systems containing automatically switched flow valves. The 
parr of systems Is capable of covering the flow range of 0,0004 to 19 
t/s (0,007 to 300 gpm) with the uncertainty In volume flow rate not 
exceeding plus or minus 0,26 percent over the range 0,00 to 19 1/s 
and not exceeding plus or minus 0,6 percent over the range 0.0004 
to 0,00 t/s. Data reduction and plowing of results are by computer. 

(Author) 


A77-26808 * A new approach to the pultad thermocouple 

for high gas temperature measurements. 13. E. Gtawe, H. A. Will, and 
L. N, Krause (NASA, Lewis Research Center, Cleveland, Ohio). In: 
Advances in lost measurement. Volume 13 - Proceeding ol the 
Twunty-sucond International Instrumentation Symposium, San 
Diego, Calif.. May 25-27, 1976. (A77-26776 lt-35) Pittsburgh, Pa„ 
Instrument Suciety of America. 1976, p. 329-335, 8 infs. 

Pulsed thermocouple systems can bo used in measure gas 
temperatures above the molting point of the thermocouple by 
various toenniquus of short term or intermittent exposure of the 
thermocouple operating nt lower temperatures. This paper describes 
an approach which uses a thermocouple cooled by a small jot ol inert 
gas. When a measurement is to be made, the cooling jot is turned off 
and the thuimocouple allowed to heal up to neat its melting point, at 
which time the cooling is reapplied Tho final temperature which the 
thermocouple should have attained is then calculated by extrap- 
olating an exponential curve lit to the data. Temperature measure- 
ments can ho recorded and displayed in near real time by using 
modem high-spued computing systems to perform these calculations. 
Examples ol the technique applied to high temperature let engine 
combustor development are presented, f Author I 


N77-3MM*jD Boeing Aerospace Co., Seattle. Wash, 
DEVELOPMENT Of A HIGH TEMPERATURE CAPACITIVE 
PRESSURE TRANSDUCER 

Richard L Lggar Oct, 1977 120 p rafa 
(Contract NAS3- 19668) 

(NASA-CR- 136282; D1S0-20746-1) Avail: NTIS 

HC A08/MF A01 CSCL 14S 

High ttmparatura praasuta transducers capabla of continuous 
oparation whila expoaad to 850 C wara davalopad and avaluaiad 
ovar a lull-acala ditfaramial prataura rang* ol + or - «9 kPa 
Tha dasrgn of tha prataura traniducara was batad on tha u»a 
of a diaphragm to respond to prauura, variable capaciliva elements 
arranged to operate at a ditfaramial capacitor to measure 
diaphragm response and on tha uta of fused allies for the 
diaphragm and its supporting assembly. The uncertainty associated 
with measuring + or - 89 kPa prasauea* between 20C and 
650C was las* than +■ or ■ 6%. Author 
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Inciudat parametric amplifier*. 


&7gS£ *”• 

SSSSffajuttff * a '“ y ' oi «™«muty tan 

S. Jha (Cincinnati Univ ) and J Blur 1976 5 p refs Presented 
on PtttiMy Ionized P^m.s tncZTng 
1976" ° 5V P Uamum fTasmas, Princeton. N J„ 10-12 Jun 

(Grant NsG-3091) 

CSc! A 20e' X ‘ 7358 ° : E ' 89331 Aw,1: NT,S A02/MF A01 

a ma.T 1 !?* 041 al ' 9nm8n ‘ of nuc) «i for « gamma ray laser and 
f h . * chiev ! n a preferential emission of radiation along 

amiw7on U ot 4d,^ d ' SCU ? S8d ' 1 J 8pfopo " d method of preferential 
! 5*“T 3, °rra the aligned needles is to have a 
level, ' 2? *!* d 8 i a<, ‘ Bnt 81 tha nucleus and a sequence of excited 
levels of spin and parity 2j-r) and C|+). The proposed scheme 
reduces the density of excited states required for lasing and 
the line width due to inhomogeneous broadening 
experiments intended to test these ideas 

Author 


N77-18429*||l National Aeronautics and Space Administration 
Lowi.- Research Center. Cleveland, Ohio 

IN SI fU LASER RETORTING OF OIL SHALE Patent 
Application 

Harvey S. Bloomfield, inventor (to NASA! Filed 28 Jan 1977 
15 p 

tNASA-Caso-LEW- 122 17-1. US-Patont-Appj-SN-763753) Avail 
NTIS HC A02/MF A01 CSCL 20E 

Oij shale formations were retorted m-situ and gaseous 
hydrocarbon products recovered by drilling two or more wells 
into an oil shale formation After fracturing a region of oil shale 
formation by directing a high energy laser beam into one of the 
wells and focussing the laser beam into a region of oil shale 
formation from a [aser optical system, compressed gas was forced 
into the well which supports combustion in ihe flame front ignited 
by laser beam, thereby retorting the oil shale and recovering 
gaseous hydrocarbon products which permeate through the 
fractured oil shale from one of the auxiliary wells Author 


N77-12478* National Aeronautic! and Space Administration 
lawie Research Canter. Cleveland. Ohio. 

PSP? 1 .!? 1 ?* F0B 0 »WITCHfD LASERS Patent 
Ralph F. Wuerker (TRW System Group, Redondo Beach, Calif.) 
end Lee 0. Hefilnger. Inventors (to NASA) (TRW Systems Group 
Redondo Beach, Calif.) Issued 23 Aug. 1977 4 p Filed 2 Oct 
by NASA UP8rWKl *‘ N74 -34010 <’2 - 23. p 2B39) Sponsored 

(NASA-Cast-LEW-1 2164-1 . US-Patent-4,043.874; 
US-Patent-Appl-SN-61 1334: US-Petent-Ctess-360-162SF) 
Avail: US Patent Office CSCL 20E 

A spatial filtered Q-*witched laser system Is reported that 
prevents lonoation of air in close proximity to the aperture of 
me spatial fitter. A compound lens system having an astigmatic 
fticus » positioned between the laser and the spatial filter for 
defocusing tha light beam emanating from the laser in the vicinity 
of the aperture of. the spatial filter to an Intensity below that 
which product* ionization of air. Th® preferred construction of 
the compound lens system as viewed from the laser comprises 
a cylindrical Ians and a pair of positive lanses. 

Official Gazette of the U.S. Patent Office 


A77-28953 The NASA high-power carbon dioxide later - 

A versatile tool for later applications. R. 8. Lancashire, 0. L. Alger, 
fc. J. Manista, J, G. Slaby, J. w. Dunning, and R. M. Stubbs (NASA 
Lewis Rosearch Center, Cleveland. Ohio). In: Industrial applications 
of high power laser technology; Proceedings of The Seminar San 
Diego, Calif., August 24, 25, 1976. (A77-28951 12-36) Palos Verdes 
Estates, Calif. ( Society of Photo-Optical Instrumentation Engineers 
1976, p. 11,19. 8 refs. 

The NASA Lewis Research Center has designed and fabricated a 
closed-cycle, continuous wave (CWI, carbon dioxide (C02| high- 
power laser to support research for the identification anti evaluation 
of possible high-power laser applications. The device is designed tn 
generate up to 70 kW of laser power in annular-shape beams from 1 
to 9 cm in diameter. Electric discharge, either self-sustained or 
electron-beam-sustained, is used for excitation. This laser facility can 
be used >n two ways. First, it provides a versatile tool on which 
research can be performed to advance the state-of-the-art technology 
o high-power C02 laser t in such areas as electric excitation, laser 
Chemistry, and quality 0 f output beams, all of which are important 
whether the laser application is government or industry oriented, 
becond, the facility provides a well-defined, continuous wave beam 
tor various application experiments, such as propulsion, power 
conversion, and materials processing. (Author) 


N77-16381*# Pratt and Whitney Aircteft, West Palm Beach 
rfa. Government Product® Div 

«i™£' C e? Cl ^o QA * DYNAM,C L*«R DESIGN INVESTI- 
GATION Final Report 

G W Ketch and W. E. Young Jan. 1977 178 p refs 
(Contract NAS3- 19705) P 

(NASA- CR- 135130: PWA-FR-7606) Avail' NTIS 

HC A09/MF A01 CSCL 20E * 

A conceptual design study was made of a closed cycle 
gas-dynamic laser to provide definition of the major components 
m the laser loop The system potential application is for long 
range power transmission by way of high power laser beams to 
provide satellite propulsion energy for orbit changing or station 
ke f P L n ,? 1 . A P ararne,ric C V=I« optimization was conducted to 
establish the thermodynamic requirements for the system 
components. A conceptual design was conducted of the closed 
cycle system and the individual components to define physical 
characteristics and establish the system size and weight. 
Technology confirmation experimental demonstration programs 
were outlined to develop, evaluate, and demonstrate the 
technology base needed for this closed cycle GDL system. 

Author 


N77-22466*# Westlnghouse Research Labs . Pittsburgh. Pa 

DEVELOPMENT OF FAR INFRAREO ATTENUATION TO 

“ EASUBE ElECTBON densities i'n cw pin discharge 

LASERS Final Report 

R V Babcock 1977 46 p refs 
(Contract NAS3-19702) 

(NAS A -CR-135164) Avail: NTIS HC A03/MF A01 CSCL 

A two beam attenuation technique was devised to measure 
electron densities 10 to the 9th power to 10 to the 11th 
power cm/3 resolved to 1 cm. in a near atmospheric COFFEE 
laser discharge, using 49F micrometer and 1,220 micrometer 
radiations from CriSf. optically pumped by a C02 laser. A far 
infrared generator was developed which was suitable except far 
a periodic intensity variation in FIR oulput deriving from frequency 
variation of the pump radiation. Author 


N77-3046B*# Hughes Research tabs , Malibu. Calif. 

LASERS Annual Report, 30 May 1975 - 10 Jun. 

1976 

A.^J Palmer. L D. Hess, and R R Stephens Jul 1976 91 p 
(Contract NAS3-19707) 

RVASA-Cfl- 1 54843: AR-1) Avail: NTIS HCA05/MFA01 CSCL 


110 


A theoretical and experimental investigation into tiu possibility 
of achieving CW discharge pumped excimer laser oscillation is 
reported. Detailed theoretical modeling of capillary discharge 
pumping of the XeF and KXe and K2 excimer systems was 
earned out which predicted the required discharge parameters 
for reaching laser threshold on these systems Capillary discharge 
pumping of the XeF excimer system was investigated experimen- 
tally. The experiments revealed a lower excimer level population 
density than predicted theoretically by about an order of 
magnitude. The experiments also revealed a fluorine consumption 
problem in the discharge in agreement with theory Author 


A77-29069 * it Conversion of laser energy to gas kinetic 
energy. G. E, Caledonia (Physical Sciences, Inc.. Woburn, Mass.). 
Journal of Energy, vol. 1, Mar.-Apr, 1977, p. 121-124. 9 refs. 
Contract No. NAS3- 18528. 

Techniques for the gas-phase absorption of laser energy with 
ultimate conversion to heat or directed kinetic energy are reviewed. 
It is shown that the efficiency of resonance absorption by the 
vibration/rotation bands of the working gas can be enhanced by 
operating at sufficiently high pressures so that the linewidths of the 
absorbing transition exceed the line spacing. Within this limit, the gas 
can absorb continuously over the full spectral region of the band, 
and bleaching can be minimized since the manifold of molecular 
vibrational levels can simultaneously absorb the laser radiation. 

(Author) 


A77-37040 * ff Nozzle flow of laser-heated radiating hydrogen 
with application to a laser-heated rocket. N. H. Kemp and R. G. 
Root (Physical Sciences, Inc., Woburn, Mass.). American Institute of 
Aeronautics and Astronautics. Fluid and Ptasmadynamics Con- 
ference, 10th, Albuquerque, N. Mex., June 27-29. 1977, Paper 
77-695. 20. p. 9 refs. Contract No. NAS3- 19695. 

This paper presents a model for the steady heating of flowing 
hydrogen by a CW 10.6 micron laser, to consider the feasibility of a 
laser-heated rocket. The hydrogen flow and the laser beam are 
parallel, and move into a converging-diverging nozzle. The absorption 
of laser energy is initiated hy a laser-supported combustion wave. 
The hydrogen is in chemical equiiibrium, absorbs laser energy by 
inverse Bremsstrahlung, and loses energy by radiation. The hydrogen 
flow was calculated from the rear of the LSC wave to the throat. 
Estimates of convective heat losses were made using a hydrogen 
boundary layer analysis. Specific impulse, obtained by expanding 
isentropjcally from the throat to 1 atm or a vacuum, varies from 
1400 to 3000 s. Radiation losses are 5 to 20%, though the energy 
fluxes to the walls are quite high. Convective loss estimates are high 
enough to indicate that coupling to the hot gas flow is required for a 
10 kW engine, but not for a 5 MW engine, (Author) 
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N77-10541*|l National Aeronautics and Space Administration 
Uftta Rnssmch Contar. Clavatand, Ohio 
INFLUENCE OF DENNIS DENT ON EHD LUNNICATION 
Usam 0- Wedeven 1978 30 p r«fs Presented at Joint 
lubrication Coni.. Boston, 6-7 Oct. 1976, sponsored by Am 
Soc ot Lubrication EnQr and ASME 

?34S7 - ,J690 > Avail; NTIS HC A03/MF A01 

CSCl 13l 


Film thickness meaiummftnts associated with a dabns dant 
have been made with interferometry under static and dynamic 
condltons. The present* ol a debus dent alters the shape ot 
the inlet re B ion so that the local him thickness at the teadino 
edpe ol the dent can bocome substantially lower than the trailing 
edge The pressure modifications associated with these local 
elastohydrodynamie (EHD) effects are m line with the frequent 
occurrence of sutfaeo urinated fatigue spalls originating at the 
trailing edge of debris dents The effectiveness of the EHD 
mechanism in reducing the stress concentrations at the shoulders 
of the dent is related to inlet dimensions and dent site Author 


N77-1140Q'# National Aeiommhcs and Space Administration 
lewis Research Center. Cleveland. Ohio 
ISOTHERMAL ELA8T0HVDR0DYNAMIC LUNNICATION OF 
POINT CONTACTS. lit FULLY FLOOOED NE8ULTS 

Bernard J Homrock and Duncun Dawson (Leeds Umv . Engl) 
Washington Oct 1976 40 p rots Presumed at the Joint 
Lubrication Conf . Boston, 5-7 Oct 1976; Cosponsored by the 
Am, Soc o( Mechanical Engineers and the Am Soc of Lubrication 
Engineers 

INASA-TN-O-8317, E-87121 Avail NTIS HC A03/MF A01 
CSCL t tH ' 

The influence of the ellipticity parameter and ttie dimensionless 
speed U, load W. and metorial Q patamoters on minimum film 
thickness was investigated The eltlpticity parameter k was varied 
from 1 (a ball. on-plate configuration) to 8 la configuration 
approaching a line contact). The dimensionless speed parameter 
was varied over a range of nearly two orders of magnitude 
And the dimensionless load parameter was vatied over a range 
of one order of magnitude. Conditions corresponding to the use 
of solid materials of bronre. steel, and silicon nitride and lubricants 
ol paraffinic and naphthenic mineral oils woto considered in 
obtaining the exponent on the dimensionless material parame- 
,#f Author 


N77-1 1401*1 National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio 

N0NAXI8VMMETNIC INCOMPRESSIBLE HYDROSTATIC 
PRESSURE EFFECTS IN RADIAL FACE SEALS 

lihak Etsion Washington Nov 1976 23 p refs 

(NASA TN-D-8343: E BB 17) Avail NTIS HC A02/MF AOt 

CSCL 11A 

A flat saal having an angular misalinemem is analysed, taking 
into account the radial variations m seal clearance An analytical 
solution (or axis! force, tilting moment, and leakage is r, resented 
that covets the whole range from >eto to full angular mlstlmamont 
Nonuxisymmatiic hydrostatic pressures due to the radial variation* 
in the film thickness have a considerable effoql on soal stability 
When the high pressure is on the outer periphery of the seat, 
troth (he axial force and the tilling moment are nonrestoring 
The case of high-pressure seals whore cavitation is eliminated 
is discussed, and the possibility of dynamic Instability is pointed 
out Author 


N77-11402*|tl National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

OPTIMUM STEP DESIGN FOR CENTERING OF PISTONS 
MOVING IN AN INCOMPRE SSI RLE FLUID 

Uhak Elston and Bematd J Hamtock Woshlnglon Nov 1976 
22 p refs 

INASA-TN D-8345. E-89051 Avail NTIS HC AQ2/MF AQ1 
CSCL 131 

Hydrodynamic effects are analysed tor a stepped piston 
moving within a tight clearance tube filled with an incompressible 
lluld Hydrostatic effects ate analyzed and a complete solution 
is ubtamad and an optimum step design lor cHiitnnng of the 
piston 19 suggested The axial spend resulting from an axial driving 
force is calculated, and some experimental results for pistons 
falling in a water-filled tube aie presented Author 


N77-1240S*| National Aeronautics and Space Administration 
Lewis Research Ceuta, . Cleveland. Ohio. 

EMISSIONS AND PERFORMANCE OF CATALYSTS FOR 
GAS TURBINE CATALYTIC COMBUSTORS 

David N Anderson 1977 42 p lefs Proposed lor presentation 
at 22d Arm Intern Gas Turbine Conf. Philadelphia, 
27-31 Mai 1977, sponsored by ASME 
INASATM-X- 73543. E B975) Avail NTIS HC A03/MF AOt 
CSCL 21A 

Three noble-metal monolithic catalysts wore tasted in e 
1 2-ceunmetei dimuutut combustiun test rig to obtain amissions 
and pmloimancu data at conditions simulating the operation ot 
a catalytic combustor tor an automotive gas tutblne engine Tests 
with one of the catalysts at 800 K inlet mixture temperature 
300.000 pa (3 aim) pressure, and a leleronce velocity (catalyst 
bed inlet valooityl of to m/sec demonstrated greater than 
99 purcent combustion efficiency for reaction tempeiatures higher 
than 1300 K With a reference velocity of 25 m/sec the 
leactioo tomperatuia roquued to achieve the same combustion 
efficiency incieased to 1380 K. The exit tumpurxtuie pattern 
factors tor all three catalysts were below 0 t when adiabatic 
icactian romperaiuies were higher than 1400 K The highest 
pressure diop was 4 5 percent at 25 m/suc reference velocity 
Nitrogen oxides omissions wero less than 0 1 g N02/kg fuel 
for all tost conditions Author 


N77-13426*# National Aeronautic; and Space Administration 
Lewis Research Center. Cleveland, Ohio 

AUTOMOTIVE GAS TURBINE FUEL CONTROL Patent 
Application 

R S Gold, inventor (to NASA) Filed 8 Nov 1976 28 p 
INASA-CaselEW- 12785-1; US-Patent-Appl-SN-739909) Avail 
NTIS HC A03/MF A01 CSCL 21E 

A fuel contiol useful for automotive-type gas turbines and 
particularly advancud gas turbines utilizing variable geometry 
components to improve mileage and mduco pollution emission 
is disclosed The fuel control described compensates for fuel 
density variations, Inlet temperature variations, turbine vono 
actuation, acceleration, and turbine breaking These parameters 
are utilized to control various orifices, spool valves and pistons 
in a desired manner NASA 


N77-144N4*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio, 

FATIGUE LIFE ANALYSIS FOR TRACTION DRIVES WITH 
APPLICATION TO A TOROIDAL TYPE GEOMETRY 

John J Coy. Stuart H. Loawanthat, and Erwin V Zaretsky 
Washington Dec. 1976 33 p reft Prepared in cooperation 
with the US Army Air Mobility R end D Lab 
( N ASA- TN-D-8362. E-8737) Avail: NTIS HC A03/MF A01 
CSCL 131 

A contact fatlgua life anetysis for traction drives was developed 
which was based on a modified lundbetg-Palmgten theory The 
analysis was utad to predict life for e cone-toller toroidal traction 
drive A 90-percent probability of survival was assumed for the 
calculated lift. Parametric results were presented for life and 
Hertz contact suets as a function of load, drive ratio, end size. 
A design study wes else performed. The results were compered 
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Author 
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25 p refs P * ,k * r ,nd H#nS ° SlBne ' Washington Mar. 1977 
JNA^TN.O.840 4 . E-882S) Aval,: NTIS HC A02/MF A01 

w.amv^^ZTV.h b#8 " n98 

25ST3 Sifts 5W?®S 
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National Aeronautics trod Space Administration 
Lewis Research Center, Cleveland Ohio 

CERAMICS FOR THE ADVANCED AUTOMOTIVE OAR 
TURVINE ENGINE A LOOK At A SINGLE SHAFT 
DESIGN 

Stanley M Nosek 197? (2 p nets Presented at Glh Army 

Matenals Teclinul Cool Ceramics for High Performance 
Applications 2. Newport ft I . 21 25 Mai 1977 sponsored by 
AMMRC ERDA. ami DARPA 

(NASA.TM-X436S1. E9183) AvaiiNTIS HC AQ2/MF AOl 
CSCL 2TA 

The results ol a preliminary analysts ot a single sttait 
regenerative design with a single stage tadtal tuibme ate presented 
to show the fuel economy that can be achieved at high tutbme 
inlet lampetstuies. with tins particular advanced design, d the 
turbine tip speed and regi—etatot inlet temperature ate not limited 
The engine sire was lev -p lot application to a 3600 lb aoto 
The fuel economy was auaiyied by coupling the engine to the 
auto Ihtough a continuously variable speed-ratio Itansmisston 
and operating the system at constant tutbme inlet temperature 
over Ilia Composite Coving Cycle The fuel was gasoline and 
the analysis vv, c lot a 88 F day With a tutbme inlet temperature 
ol 2500 f the lust economy was 26 2 mpg an improvement ol 
18 percent over that ol 22 3 mpg with a tutbine inlet temperature 
ol 1900 F the turbine tip speed needed lor best econpmv 
with the 2600 F engine was 2830 It/sec The tegeneratoi 
temperature was approximately 2200 F at idle- Disk stresses 
were estimated lor one single stage tadial tuibme and tw o 
two-stage radial -axial tnibmes and compared with maximum 
allowable stress drives estimated, for a Current ceramic material 
Results Show a need lor lughet Welbull Modulus, higher strength 
ceramics Author 


N77-23492*# National Aeronautics and Space Administration 
Lewis fteseatch Center. Cleveland. Ohm 

THERMAL STRESS ANALYSIS OF A GRADED 21RCON1A 
METAL DAS RATH SEAL SYSTEM FOR AIRCRAFT GAS 
TURBINE ENGINES 

Christopher M, Taylor Apr 1977 29 p refs 
INASA-TM-X-73658, E-9I84I Avail NTlS HC A03/MF AOl 
CSCL 21E 

A ceramic/ metallic auciah gas Untune outer gas path seal 
designed to enable improved engine pettomtance is studied 
Flexible numerical analysis schemes suitable for the determination 
of transient tempetatuie profiles and thermal stress distributions 
in the seal ate outlined An estimation ol the stresses to which 
a test seat is subjected duttng simulated engine deceleration 
(totn sea level laKeolf to idle conditions is made Experimental 
evidence has indicated that the sutface layer Of the seat is probably 
subjected to excessive tensile Stresses doling cyclic temperature 
loading This assertion is supported by the analytical results 
piasented Enel consideration is given to means of mitigating 
this adverse stressing Author 


N77^234M*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

FINITE ELEMENT COMPUTER PROGRAM FOR AXI SYM- 
METRIC LOADING SITUATIONS WHERE COMPONENTS 
MAY HAVE A RELATIVE INTERFERENCE FIT 

Christopher M. Taylor (Leeds Umv England! Washington May 
Id?? SO p <efs 

rNASA TN 0 8483. E 9018! Avail NTlS HC A03/MF A01 
CSCL 20K 

A finite element computer pmgram which enables the analysis 
ol distortions and stresses occulting in compounds having a 
relative interference is presented The program is limited to 
situation* in which the loading is axisymmehic Loads ansiog 
Thant the interference fills' and external inertial and thermal 
loadings are accommodated The components comprise several 
different homogeneous isotropic materials whose properties may 
be a function ot temperature An example illustrating the data 
input and program output is given Author 


N77 23496 £ National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

LIFE ANALYSIS OF RESTORED AND REFURNISHED 
SEARINGS 

John J Coy Erwin W Zarelskty and Glen R Cuwgilt Washington 
May 1977 19 p rofs Prepared ut cooperation with Atmy An 
Mobility Res and Devel Lab Cleveland 
(NASA-TN 0 8486 £8913) Avail NTlS HC AOJ/MF AOl 
CSCL 131 

An analysis of the potential life ot refurbished and restored 
bearings was performed The sensitivity of tO-pereeot life and 
mean -time between failure to the elfects of cumulative fatigue 
damage and the amount of stressed volume removed lit the 
restoration process were examined A modified Lundbery 
Paimgten theoiy was used to predict that the expected 10- percent 
life of a restored bearing, which is dependent on the previous 
service time and the volume of material removed from the race 
surfaces can be between 74 and 100 percent of the new bearing 
life Using renewal theory it is found that the mean time between 
failure ranged from 90 to 100 percent of that for a now 
beating Author 


N77-244S4*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

FRETTING OF AISI 9310 AND SELECTED FRETTING 
RESISTANT SURFACE TREATMENTS 

ft C Dill 197? 24 p refs Presented at Ann Meeting of the 
Am Soc of Lubrication Engineers, Montreat, Canada. 3-5 May 
1977 

(NASA TM X 73591. F.-9069) Avail NTlS HC A02/MF AOl 
CSCL 1 ID 

Fretting wear experiments were conducted with uncoated 
AISI 9310 mating Surfaces, and with combinations incorporating 
a selected coating to one of the mating sutleue* Wear 
measurements and SEM observations indicated that surface 
fatigue, at made evident by spallation and surface crack formation. 
Is an important mechanism fit promoting fretting wear to uhcoatad 
9310 Increasing humidity resulted in accelerated fretting, and a 
veiy noticeable difference in nature of the fretting debris Of the 
coatings evaluated, aluminum brame with- a potyester addttlve 
was most effective at reducing wear and minimising fretting 
damage to the mating unseated surface, by means ol a 
seUlubticetmg film that developed on the fretting surfaces 
Chromium plate performed as an eflective protective coating, 
itself resisting fretting and not accelerating damage to the 
uncoated surface Author 


N77 .24499*# National Aeronautics arid Space Administration. 
Lewis ftesearch Center Cleveland, Ohio 

A CANTILEVER MOUNTED RESILIENT RAD GAS BEARING 
Patent Application 

ithak Elston, inventor (to NASA) (NAS-NNC) Filed 28 Apr 1977 

<2 p 

(NASA-Caxe LEW- 12568 1 . US-Patent-Appl-SN-792069! Avail 
NTlS HC A02/MF AOl CSCL 13t 

A gas lubricated beenng employing at least one pad mounted 
Oil a rectangular cantilever beam to produce a lubricating wedge 
between the face of the pad and a moving surface is described 
The load-carrying and stiffness characteristics ol the tied ere 
related to the dimensions and modulus ol elasticity of the beam 
The invention is applicable to a wide variety ol types of 
hydrodynamic beatings NASA 


N77v2449S*| Nations! Aeronautics and Space Administration 
Lewis Research Center. Develand Ohio 

GAS PATH SEAL Patent Application 

Robert C. Bill and Lawrence P Ludwig, inventors (to NASA! 
Filed 2? May 1 97? 10 p 

tNASA Case -LEW 12131 1 1 IS Patent- Appl-SN-B0 1290) Avail 
NTiS HC A02/MF AOl CSC. 1 1A 

A gas pith seal Suitable for use with a turbirtc engine oi 
compressor is provided A shroud wearable or abradable by the 
abrasion of the rotor blades of the tutbine or compressor shrouds 
the rotor blades A compliant backing surrounds the shroud 
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Tho backing may I w made of corrugated sheet* or tha like with 
adjacent layers having off-set corrugation*, with axes of the fold* 
parallel to the rotor axis. The sheafs may be bonded together 
at points of contact by brazing, welding, or the like. In another 
embodiment a compliant material Is covered with a thin ductile 
layer. A mounting fixture surrounds the becking. NASA 


N77-244B9*# Nit tonal Aeronautics and Space Administration 
Lewis Research Corner, Cleveland, Ohio. 

OF THREE HARO 

WUTTERHW C0A7,N0 * AWJEO ,v RADIOFREQUENCV 

William A. Srainard Washington May 1977 21 p refs 
(NASA-TN-O-8484; £-9055) Avail: NTIS HC A02/MF A01 
CSCL 110 

The adherence, friction, and wear properties of thin hard 
reflectory compound coatings applied to 440C bearing steel by 
radiofrequency sputtering were investigated. Friction and wear 
tests were done with nonconforming pin on disk specimens. 
The compounds examined were chromium wtbide. molybdenum 
sillcido. and titanium carbide. The adherence, friction, and wear 
were markedly improved by the application of a bias voltage to 
the bearing steel substrate during coating deposition. Analysis 
by X ray photoelectron spectroscopy Indicated that the improve- 
ment may be due to a reduction in impurities in bias deposited 
coatings. A fivefold reduction in oxygen concentration in MoSI2 
coating by biasing was noted Chromium carbide was not effective 
as an antiwear coating. Molybdenum silicide provided some 
reduction in both friction and wear, Titanium carbide exhibited 
excellent friction and antiwear properties at light loads, Plastic 
(low and transfer of the coating material onto the pin specimen 
appears to be important in achieving low friction and wear. 

Author 


N77-274Q8*! National Aeronautics and Space Administration. 
Lawis Research Center, Cleveland. Ohio. 

DEMON CHARTS FOR ARBITRARILY PIVOTED, LIQUID- 
LUBRICATED FLAT-KCTOR-PAD THRUST REARING 

lihak Etsfon Jul. 1977 60 p refs 

INASA-TN-D-8344: E-8899) Avail: NTIS MC A04/MF A01 
CSCL 131 ' 

A flat, sector-shaped geometry for a liquid-lubricated thruit 
bearing it analyzed considering both the pitch end roll of the 
pad. Result* are presented in design cherts that enable e direct 
approach to the design of point- and line-pivoted, tilting pad 
bearings. A comparison is made with the Mitchell bearing 
approximation and it is found that this approximation always 
overestimates load capacity. Author 


N 77-28496* National Aeronautics and Space Administration. 

Lewis Research Center, Clevelend, Ohio 

HYDROSTATIC BEARING SUPPORT Patent 

Robert E, Cunningham, inventor (to NASA) Issued 12 Jul. 1977 

4 p Filed 2 Mir. 1976 Supersedes N76-19440 (14 - 10 

p 1257) 

(NASA-Case-LEW- 1(159-1: US-Patent-4.035.037, 
US-Patent-Appl-SN -663006, US-Patent-Class-308-5R: 
US-Paront-Class- 308-9; US- Patent -Class-30B-73) Avail US 
Patent Office CSCL 131 

A hydrostatic bearing support system is provided which 
comprises a bearing housing having a polygonally configured 
outer surface Which defines at least three symmetrically disposed 
working faces and a plurality ot pressure plates, each of which 
is -fisposed relatively opposite a coiresponding working face and 
spaced therefrom to define a gap therebetween A hydrostatic 
support film is created in the gap for supporting the housing in 
spaced refationship to the pressure plates. 

Official Gazette of the U S. Patent Office 


N77-25637*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio. 

ELASTIC DISTORTION OF FLANGED INNER RING OF 
HIGH SPEED CYLINDRICAL ROLLER BEARING 

Christopher M. Taylor (Leeds Univ.) Washington Jun t977 
18 p refs 

(NASA-TN-D-6504. E-9054) Avail NTIS HC A02/MF A01 
CSCL 1 3) 


The elastic distortion of rhe inner ting of an experimental 
toller beating is investigated analytically. The geometry ot the 
experimental bearing is unusually complex, and lor this reason 
a bearing with an axialiy symmetric inner ring is also analyzed 
Only the inner ring and shaft are considered using a two 
dimensional finite element program that can accommodate 
interference between these components. The results suggest that 
the elastic distortions are modest in relation to the design 
clearances associated with the experimental bearing. The variation 
of tha radial deflection of the raceway may. however, be Significant 
in some circumstances. Author 


N77-27404*# N&tlonit Aeronautics and Space Administration, 
Lewis Research Center. Cleveland, Ohio. 

SHAFT SEAL ASSEMBLY FOR HIGH SPEED AND HIGH 
PRESSURE APPLICATIONS Patent Application 

William F. Hady and Lawrence P, Ludwig, inventors (to NASA) 
Filed 8 Jul 1977 17 p 

INASA-Cese-LEW- 1 1973-1: US-Paiem-Appt-SN-814006) Avail- 
NTIS HC A02/MF A01 CSCL 13E 

A seal assembly is provided for reducing the escape of fluids 
from between a housing and a shaft rotatably mounted in the 
housing. The seal assembly comprises a pair of metallic banded 
carbon graphite seal rings resiliency connected to each other 
end disposed in side-by-side relationship. In each seal ring, both 
tha internal bore surface and the radial face which faces away 
from the other seal ring are provided with a plurality of 
aqui-spaced recesses known as Raleigh step pads. The seal faces 
referred to are located adjacent a seating surface of the housing. 
Under normal operating conditions, tho seal assembly is stationary 
with respect to the housing, The recesses generate lift, keep 
the assembly spaced from the rotating shaft, and allow slip 
therebetween. NASA 


N77-284S3*j|| National Aeronautics and Space Administration. 
Lewis Reseaich Center. Cleveland, Ohio. 

HIGH-PRESSURE CRYOGENIC SEALS FOR PRESSURE 
VESSELS 

Alvin E. Buggale Jul. 1977 16 p refs Presented at the 6th 
Intern High Pressure Conf., Boulder. Colo. 25-29 Jul. 1977: 
cosponsored by the Assoc. Intern, for Res. and Advsn of High 
Pressure Sci and Technol. and the Intern. Union of Pure and 
Appl. Cham. 

(NASA-TM-X-73680. E9212) Avail NTIS HC A02/MF AOl 
CSCL 1 1A 

This investigation of the problems associated with reliably 
containing gaseous helium pressurized to 1530 bare (22 500 
psi) between 4.2 K and 150 K fed to the fallowing conclusions. 
(1) common seal designs used in existing elevated-temperature 
pressure vessels are unsuitable for high-pressure cryogenic 
operation. (2) extrusion seal-ting materials such as Teflon, tin. 
and lead are not good seal materials for cryogenic high-pressure 
operation; and 131 several high-pressure cryogenic seal systems 
suitable for large-pressure vessel applications were developed: 
two seals required prepressurization, and one seal functioned 
repeatedly without any prepressurization. These designs used 
indium seal rings, brass or 304 stainless-steel anvil rings, and 
two O-rings of silicone rubber or Kel-F Author 


N77-MU1*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio. 

^lVi!ll 0 A 0DVNAMIC LUBRICATION OF ELLIPTICAL 
CONTACTS FOR MATERIALS OF LOW ELASTIC MODULUS, 
t: FULLY FLOODED CONJUNCTION 

Bernard J. Hamrock and Duncan Dowson (Leeds Univ, Engl.) 
Washington Aug. 1977 31 p refs 

(NASA-TN-D-B52B: £-9216) Avail: NTIS HC A03/MF A01 
CSGL 1 1 H 


Elastohydrodynamic lubrication concepts of conjunctions of 
•mptical form are applied to materials of low elastic modulus 
The influence of the ellipticUy parameter and the dimensionless 
speed, load, and material parameters on minimum film thickness 
for these materials has been investigated. The ellipticity parameter 
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wa* varied from * Mi an plate configu ration to a configuration 
approaching a lint contact Tha dimensionless spaad and 
parameters ware varied by 1 order of magnitude. Soy*”***" 
different cast* were uead to generate minirnurn and central rim 
thickness relations* Contour plot* are presented that illustrate 
the pressure distribution and film thickness in the conjunctton 


N7T-ltU2'f National Aeronautics and Space Administration. 

«;fStUrN^r*evAr^TjoTop 

THRUST SEARING 

Zolton N. Nemtth Sep, 1 977 20 p , rQrl 

(NASA-TP-1030: E-9061) Avail: NTIS HC A02/MF A01 CSCL 

131 A new type of resilient-pad gas thrust hearing was tested 
,o determine the feasibility of the design The beari^ cona^ts 
of carbon graphite pads mounted asymmetrically or rfo.1 
Two bearing configurations were tested at thrust loath from 27 
to 80 newtons at speeds to 9000 rpm. The oulsrde diameter of 
the bearing was 8.9 centimeters. AU,no 


N77-I2600 1 Nathrnat Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

OEFORMA9LE SEARING SCAT Patent 
Otta S. More, nan. III. inventor (to ^E^lnnstil itiuod 

6 Seo. IB77 6 p Filed 14 Jut. 1»7S Sponaored by NASA 
(NASA-Case-LEW- 12627-1 : US-Patont-4046.434; 
US-Patant-App' SN-696747; US-P«em-G»at-308-1 95. 
US-Pa«ent-Cl.pi-308-7Z; US-Patant-Oaaa-290-62) Avail. US 

P * , *A t cSformati’fb»aring seat ia described for seating a bearing 
assembly in a touting, the seat includes a seating *0™** ,n 
the housing hiving a first predetermined: .phs roidal ^tour wton 
the housing is in an undeformed mode. The seating surface is 
deformable to a second predatarmlnad 
surface when the housing is in a deformed mod*, lire Mat » 
particuUrty adaptable for application to a rotating Wide end 
mountina rind assembly in e gas turbine engine. 

Official Gszstte of the U.S. Patent Office 


N77-S2W1* National Aaronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohia _ CHntMF 

•EARING seat osasle in a gas turbine engine 


oTs Moreman. III. inventor (to NASAKGE Cincinnati) Issued 
jj Seo 1977 6 p riled 14 Jut. 1976 Sponsored by NASA 
(NASA Case-LEW-12477-1: US^Petenh4M8.435 ; 
US-Patarit-AppI SN-596746. US-Pawnt asss am-ISS. 
us-Patont-Qiss-290-62) Avail: US Patent Office CSCL 131 
A Wade and mounting ring assembly is d * tc,,b,,d 
adapted tor rotation about a first axis including a senes ol wiwt 
nrountad bn said ting tor rotation about a second avis and a 
So, hSammWres. each Msociatad with ont o, sard 
hladat an imofovad burins *»« is provided for aeatinjrth* 
gS iST Offictal Gazette o, the U.S. Patent Office 


N77-32E03* r | National Aaronautics end Space Administration. 

Lewis Research Center. aBv eUnd, Oh«> a FlAT ION 

EXPERIMENTAL AND ANALYTICAL 10AD-UFE RELATION 
WR AI« *310 STEEL SPUR GEARS 

n P Townsend. J, J. Goy. and c. V. Zaretiky sap- ‘"f 
27 p refs Presented at the 1977 Intern. Gear Conf., Chicago. 
28-30 Sap. 1977. sponsored by ASME 

(NASA-TM-X-73590) Avail: NTIS HC A03/MF A01 CSC 
wb lltolevals raspwstivaly. The Weibull slope v.nad linaady 


with maximum Hertz contect stress h » v *^/ n Xd?r* showed 
2.6. The test data whan compared to AGMA standards show d 

a steeper slope tar the load-life diagram. 


N77-92B04*# National Aeronaut icf and Space Administration 

Lawis Research Center. S'^i* ''? J^^u* M naasw* IN SPUR 
STUDY OF LURRICANT JET FLOW PHENOMENA IN HU" 

GEARS OUT OP MESH CONDITION 

D*P Townsend and L S. Akin Wsstsrn Gesr^m.l-ynuwood 
Calif.) Sap 1977 28 p rah Presented at ’ 977 '"* am GBa ' 
Conf Chicaoo 28-30 Sap. 1977: sponsored by ASME ^ 
(NA5A-TM-73M4: E-9230) Aval). NTIS HC A03/MF AOt 
CSCL 13( 

Oil jet lubricetion on the disengaging aid. o, a g»trj nesh 
was analyzed. Results of the analysis were wmputor zed and 
used to dstarmine tha oil jet impingement depth Tor severa 
oein ratios and oil jet to pitch line velocity ratios. A gear test 
% using high speed photography was used to 
determine the oil jet impingement depth on the dreengagina 
side of mesh, impingement depth reached a maximum it gear 
ratio near 1 6 where chopping by the leading gear tooth limited > 
impingement depth The pinion impingement depth » zero above 
a aear ratio o, 1 172 tor a jet velocity to pitch time velocity 
rattan o, 1.0 and is similar lor other velocity t* ,los , 
impingement depth tor gear and pinion are ™> u * a " d ap ‘ 
proximately one half the maximum at a gear ration of 7 <7 


N7712(Ot‘f National Aeronautics and Space Administration. 

material on 

FLEXURAL FATIGUE OF HOLLOW ROLLING ELEMENTS 

• E. N. Bamberger and R. J. Parker Oct, J 977 ^°_ p s 1 

'.'Presented at Joint Lubrication Conf . Kansas City. Mo . 3-5 0,-t 
i977; sponsored by Am. Soc. of Lubrication Engineers and 

(NASA-TM-X-73685; E-862T1 Avail: NTIS CSCL 131 

Hollow cylindrical bars were tested in e rolling contact 
fMiflue tester to determine the effects of material and outside 
diameter to inside diameter (00/ID) ratios on fatigue f " lp ” 
mode and subsequent failure propagation. Tha range of applied 
l&s with OD/ID ratios of 2.0. 1.6. 1.4. and 1.2 resumed m 
mlximum tangential tBnsile stresses ranging from 24.000 tc 
9HOOO psi at the bore surface Flexural failures of the hollow 
tesVbars occurred when this bore stress was 71.000 psi or 
gre\er with AISl 52100 hollow bars and 49.000 psi or greater 
withUlSI M-60 hollow bBrs. Good cotrWation was obtained 
relit*) the failures of these hollow bare with flexural failures of 
driller! balls from foil scale bearing tests AU ' nor 


N77- 3520*# National Aeronautics and Space Administration 
Lewilf Research Cantor. Cleveland. Ohio. 

(ccB if OF DDUILE VACUUM MEITING AND AtTAINfED 
AUS ENITE ON ROLLING-ELEMENT FATIGUE UFE OF AM* 

Rtehs d JJto'rtw andVobert S Hodder (Utrobe Steel Co., latrobn. 

(NAS ^tV\o 60. E-9 KM I Avail: NTIS HC A02/MF A01 CSCL 

1 5749 steel combines the tempering, hot hardness, and 

hardiiess retention characteristics of AISl M^SO «•«! ^‘ h ^ 
corrosion and oxidation resistance of AISl 440C stainless 
The rive-ball fatigue tester was used to evaluate the rolling-element 
| j(e of AMS 6749. Double vacuum melting (vacuum 
induction melting plus vacuum arc remelting. VIM-VAR) pr^uced 
AMS 5749 material with a rolling-element fatigue life at least 
14 rimes that of vacuum induction melting alone. The VIM-VAH 
AM?! 5749 steel balls gave lives from 6 to 12 times greater 
than' VIM-VAR AISl M-50 steel balls. The highest (eve) of retained 
austenite, 14,6 percent, wes significantly detnmemal to tol ing- 
elan-cml fatigue life relative to the intermediate 'n^l^of 
11.1 percent 
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A ” V 196 Dynamics of solid lubrication ai observed by 

optieai microscopy. H. E Sliney (NASA, Lewis Research Center, 
Cleveland, Ohio). American Society of Lubrication engineers and 
American Society of Mechanical Engineers, Lubrication Conference 
Boston, Mmsl, Oct 5-7, 1976, ASLE Preprint 76-LC-1B4. 8 p. 7 
refs. - 

bench metallograph was converted into a 'micro contact 
imager by the addition of a tribometer employing a steel ball in 
sliding contact with a glass disk. The sliding contact was viewed in 
real time by means of projection microscope optics. The dynamics of 

** ° f »H«U>i*fcant particles within the contact 

constantly rh«n 0 dB,ai ’ C0nt8Ct was characterized by a 
constantly changing pattern of elastic strain with the oassaJ „f 

^tatinuifies and solid particles. AbX 

«ratdfed Z Z?? 9 “ mSCt ' embcdded «« onf surface and 
St ’ ,he *° lw ,Ubri Gant Prides flowed 
ullds * * f,rmS ‘ The ,he0,0 9 ic *l behavior of the lubricating 
He^lStlt aPPe8ra '’ C€ ° f 3 PaStt - |ike cons ' 5, B nc V within £ 

(Author) ' 


L 7 ^ 1 W?I1 /MAc!T 1, f WC * ° f debri * t,Bm on EHD lubrication. 
L- 0. Wedeven (NASA, Lewis Research Center, Cleveland, Ohio). 

American Society of Lubrication Engineers and American Society of 
, Lubr nation Conference. Boston, Mass., Oct 

5-7. 1976, ABLE Preprint 76 LC- 1A-3 10 p. 23 refs. 

Film thickness measurements associated with a dabi is den t have 
been made with interferometry under static and dynamic conditions 
The presence of a debris dent alters the shape of the inlet region so 
that the local film thickness at the leading edge of the dent can 

mndmeJ S ' ant,al ' y ^ 0WBr <han ,hB ,raili " 9 ed9e The Pressure 
Z ^TZ**'*** loea! EHD ^ects are in line With 

Tl u J ° a L Urre T J °^ rfaCe ini,ia ' ed fa,i9ue spalls originating 
at the trailing edge of debris dents. The effectiveness of the EHD 

reduc 'P5 the stress concentrations at the shoulders of 
the dent is related to inlet dimensions and dent size. (Author) 


A77-17S99 * Intkiitriali.aiion of the ion plating protest. T. 

Spalvins (NASA, Lewis Research Center, Cleveland. Ohio). Research 
/Development, vol. 27. Oct. 1976, p. 45, 47, 48. 

rio.m new P rocess referred to as ion plating b- induction heating 
flPIH) is described, which combines the advantages of both ion 
Plating and induction heating. The IPIH apparatus consists of the 
specimen (cathode) to be coated and the evaporation heating source, 
which is a ceramic crucible containing the metal to be heated The 
specimen is an internal part of the high-voltage ceramic-metat 
vacuum feedthrough and is connected to The negative terminal of the 
high-voltage power supply, the positive terminal of the power supply 
being grounded. The plating conditions are the same as thos» most 
common y used in industrial ion plating. A number of metals - such 
as nickel, iron, platinum ■ which were practically impossible to 
deposit by resistance heating evaporation can now be effectively 

evaporated and deposited to any desired thickness. Excellent 

surf*™* ,5 ,h°^ BrVed f ° r many mMa,s ^Posited on various metal 
surfaces m thicknesses from 0.15 to 50 microns, regardless of the 
materials selected for coating and substrate. g jj 


studied including the variation of texture with ion-beam powder 
surface temperature, and the rate of texture growth with sputter 
etching time. B J 


A77-23478 g An accurate solution of the gas lubricated, flat 
sector thrust hearing. I. Etsion (NASA, Lewis Research Center, 
Cleveland, Ohio; Tech inion Israel Institute of Technology, Haifa, 

Israel) and D P. Fleming (NASA, Lewis Research Center, Cleveland, 
Ohio). American Society of Mechanical Engineers, Joint Lubrication 
Conference, Boston, Mass.. Oct 5-7, 1976. Paper 76-Lub-9. 7 p 9 
refs. Members, $1.50; nonmembers, S3.00. 

A flat sector shaped pad geometry for gas lubricated thrust 
bearings is analyzed considering both pitch and roll angles of the pad 
and the true film thickness distribution. Maximum load capacity is 
achieved when the pad is tilted so as to create a uniform minimum 
film thickness along the pad trailing edge. Performance charac- 
teristics for various geometries and operating conditions of gas thrust 
bearings are presented in the form of design curves. A comparison is 
made with the rectangular slider approximation . It is found that this 
approximation is unsafe for practical design, since it always 
overestimates load capacity. (Author) 


m 7 s’PL 7 ;L ”■ The dual ac, '°" 935 bearing • A new 

h gh load bearing concept, I. Etsion (NASA, Lewis Research Center 
Cleveland, Ohio; Techmon • Israel Institute of Technology Haifa’ 
Israel). American Society of Mechanical Engineers, Joint Lubrication 
Conference Boston, Mass., Oct. 5-7, 1976, Paper 76-Lu511. 6 p 
Members, SI .50; nonmembers, $3.00. f 

The principle of utilizing hydrodynamic effects in dlverqinn 
hlms for improving load capacity in gas thrust bearings is discussed 
A new concept of dual action bearing based on that principle 1, 
described and analyzed. The potential of the new bearing is 
demonstrated both analytically for an infinitely long slider and by 

f0 ' a,,nt SBCtor shaded bearing. It Is shown 
that the dual action bearing can extend substantially the range of 

thetlfflcienc° aPaC,tV 935 lubricated ,hrust bearings and improve 
cv ' (Author) 


A77-23482 * * Performance of 75-mrlllmirter bore arched 
outer-race ball bearings, H. H. Coe and 8. J. Hamrock (NASA. Lewis 
Research Center, Cleveland, Ohio). American Society of Mechanical 
engineers. Joint Lubrication Conference, Boston, Mass., Oct 57 
I 6, Paper 76-Lub 18. 7 p. Members, $1.50; nonmembers, S3.00 
An investigation was performed to determine the operating 
characteristics of 75-mm bore, arched outer-race bearings, and to 
compare the data with those for a similar, but conventional, deep 
groove ball bearing. Further, results of an analytical study, made 
using a computer program developed previously, were compared with 
the experimental data. Searings were tested up to 28,000 rpm shaft 
speed with a load of 2,200 N (800 lb). The amount of arching was 
0.13, 0.25. and 0.51 mm (0.006. 0.010, and 0.020 in). Alt bearings 
operated satisfactorily. The outer-race temperatures and the torques 
however, were consistently higher for the arched bearings than for 
the conventional bearings. (Author) 


A77-22983* Ion beam texturing. W. R. Hudson (NASA 

i r f ,er ' CleW ' and ' 0hi °> IAmErk3n 

Oiaaiori? Vacuum Symposium. 23rd, Chicago, III., Sept. 
21-24 1976.) journal of Vacuum Science and Technology, vol. 14 
Jan.-Feb. ig77. p, 286 - 289 . 6 refs. ' 

A microscopic surface texture was created by sputter-etching a 
surface while simultaneously sputter-deposiling a lower sputter yield 
material onto the surface. A xenon ion-beam source was used to 
perform the texturing process on samples as large as 3 cm diameter. 
Textured surfaces have been characterized with SEM photomicio- 
graphs for a large number of materials including Cu, AI Si Ti Ni 
Fe, stainless steel, Au, and Ag. A number of texturing parameters are 


A 77-23492 * Isothermal elastohydrodynamic lubrication of 

point contacts. Ill - Fully flooded results. B J. Hamrock (NASA 
Lewis Research Center, Cleveland, Ohio) and D. Dowson (Leeds 

Err. L ? d f' . C ' nBland| - American Society of Mechanical En- 
gineers, Joint Lubrication Conference, Boston, Mass. Oct 57 1976 
Paper 76.Lub.30. 12 p. 9 refs. Members. Sl.sb; nonmembeTs, S 
n outlined by the authors in an earlier publication 

™. Tu ,hUOret,cal fo ^ulatTon for isothermal efastohydro- 
dynamic ubricatton of point contacts are used to assess the influence 
of the elliptic, ty parameter and the dimensionless soeed, load and 
mater, Ol parameters on minimum film thickness, Conditions equiva- 
lent to using solid materials of hronze, steel, and silicon nitride and 
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lubricants of paraffinic and naphthenic mineral oils are considered In 
obtaining the exponent on the dimensionless material parameter. 
Thirty-four different cases are used to seriate the fully flooded film 
thickness formula. A fully flooded condition is said to exist when the 
inlet distance of the con[unction ceases to influence in any 
significant way the minimum film thickness. Contour plots are also 
shown that indicate in detail the pressure spike and two side lobes in 
Which the minimum film thickness occurs. S.D. 


A77-23493 * ff Isothermal elastohydrodynamfc lubrication of 
point contacts. IV - Starvation results- B. J. Hamrock (NASA. Lewis 
Research Center, Cleveland, Ohio) and D, Oowson (Leeds, Uni- 
versity, Leeds, England). American Society of Mechanical Engineers. 
Joint Lubrication Conference, Boston, Mass., Oct 5-7. 1976, Paper 
76-Lub-31, &p.S refs. Members, SI. 50; nonmembers, S3.00. 

Previously developed basic theory for isothermal elasiohydro- 
dynamic lubrication of point contacts is used to study the effect of 
lubricant starvation on pressure and film thickness within the 
conjunction. A sjmple expression for the dimensionless inlet bound- 
ary distance Is derived. This inlet boundary distance defines whether 
a fully flooded or a starved condition exists in the contact. Simple 
expressions for the minimum and central film thickness under 
starvation condition are presented. Contour plots of pressure and 
film thickness in and around the contact are shown in order to gain a 
better insight into what occurs in going from fully flooded to 
lubricant starvation condition. Theoretical predictions are compared 
with earlier results., SO 


A77-23495 * If Dynamic stiffness and damping of axtarnally 
pressurized gas lubricated journal bearings. D. P. Fleming, W. J. 
Thayer, and R. E. Cunningham (NASA, Lewis Research Center; LLS. 
Army, Air Mobility Research and Development Laboratory, 
Cleveland, Ohio). American Society of Mechanical Engineers, Joint 
Lubrication Conference, Boston, Mass., Oct 5-7, 1976, Paper 
76-Lub-33. 5 p. 8 refs. Members, SI .50; nonmembers, S3.00. 

A rigid vertical shaft was operated with known amounts of 
unbalance at speeds up to 30,000 rpm and gas supply pressure ratios 
to 4.8. From measured amplitude and phase angle data, dynamic 
stiffness and damping coefficients of the bearings were determined. 
The measured stiffness was proportional to the supply pressure, 
while damping was little affected by supply pressure. Damping 
dropped rapidly as the fractional frequency whirl threshold was 
approached. A small eccentricity analysis overpredicted the stiffness 
by 4 to 55 percent. Predicted damping was close to measured at low 
speeds but higher at high speeds. (Author) 


A77-26399 * e, Sputtering. T. Spalvlns (NASA, Lewis Re- 
search Center. Cleveland, Ohio). National Bureau of Standards, 
Symposium of the Mechanical Failures Prevention Group, 25th, 
Gaithersburg, Md., Nov. 3-5, 1976, Paper. 13 p. 13 refs. 

This paper primarily reviews the potential of using the sputter- 
ing process as a deposition technique; however, the manufacturing 
and sputter etching aspects are also discussed. Since sputtering is not 
regulated by classical thermodynamics, new multicomponent ma- 
terials can be developed in any possible chemical composition. The 
basic mechanism for dc and rf sputtering is described. Sputter-deposi- 
tion is described in terms of the unique advantageous features it 
offers such as versatility, momentum transfer, stoichiometry, sputter- 
etching, target geometry (coating complex surfaces), precise controls, 
flexibility, ecology, and sputtering rates. Sputtered film character- 
istics. such as strong adherence and coherence and film morphology, 
are briefly evaluated In terms of varying the sputtering parameters. 
Also described are some of the specific industrial areas which are 
turning to sputter-deposition techniques, (Author) 


A77-28576 * e Emissions and performance of catalysts for gas 
turbine catalytic combustors. O. N. Anderson (NASA, Lewis 
Research Center, Cleveland, Ohio). American Society of Mechanical 
Engineers, Gas Turbine Conference and Products Show, Philadelphia, 
Pa., Mar. 2731. 1977. Paper 77 GT6S. 15 p. 15 refs. Members, 
S1.50;nonmembers, $3.00. 

Three noble-metal monolithic catalysts were tested in a 
12-cmdia. combustion test rig to obtain emissions and performance 
data at conditions simulating the operation of a catalytic combustor 
for an automotive gas turbino engine. Tests with one of the catalysts 
at 800 K inlet mixture temperature, 3 x 10 to the 5th Pa pressure, 
and a reference velocity (catalyst bod inlet velocity) of 10 m/soc 
demonstrated greater than 99 percent cumbustien efficiency for 
reaction temperatures higher than 1300 K. With a reference velocity 
of 25 m/sec the reaction temperature required to achieve the same 
combustion-efficiency increased to 1380 K. The exit temperature 
pattern factors for all three catalysts were below 0,1 when adiabatic 
reaction temperatures were higher than 1400 K. The highest pressure 
drop was 4.5 percent at 25 m/sec reference velocity. Nitrogen oxides 
emissions were loss than 0.1 g N02/kg fuel for all test conditions. 

(Author) 


A77-35953 * Ferrographic analysis of wear debris generated 

In a sliding eiestohydrodynamic contact. W. R. Jones, Jr. (NASA, 
Lewis Research Center, Cleveland, Ohio), H. S. Nagaraj, and W. O. 
Winer (Georgia Institute of Technology, Atlanta, Ga.I. American 
Society of Lubrication Engineers, Annual Meeting, 32nd, Montreal, 
Canada, May 9-12, 1977, Preprint 77-AM-1A-1 .9 p. 1 1 refs. 

The Ferrograph has been used to analyze wear debris generated 
in a sliding elastohydrodynamic contact. The amount of wear debris 
correlates well with the ratio of film thickness to composite surface 
roughness (Lambda ratio). Essentially all of the generated wear 
particles were of the normal rubbing wear type. (Author) 


A77-36165 * H Nonlinear flap-lag axial equations of a rotating 
beam. K. R. V. Kara (NASA, Langley Research Center. Aero- 
elasticity Branch; Hampton, Va.; NASA, Lewis Research Center, 
Cleveland, Ohio) and R. G. Kvaternik (NASA, Langley Research 
Center, Aeroelasticity Branrh, Hampton Va.) . AIAA Journal, vol. 15, 
June 1977, p.871-874. 15 refs, 

It is possible to identify essentially four approaches by which 
analysts have established either the linear or nonlinear governing 
equations of motion for a particular problem related to the dynamics 
of rotating elastic bodies. The approaches include the effective 
applied load artifice in combination with a variational principle and 
the use of Newton's second law. written as D'Alembert's principle, 
applied to the deformed configuration. A third approach is a 
variational method in which nonlinear strain-displacement relations 
and a first-degree displacement field are usud. The method in- 
troduced by Vigneron (1975) for deriving the linear fiaplag 
equations of a rotating beam constitutes the fourth approach. The 
reported investigation shows that all four approaches make use of the 
geometric nonlinear theory of elasticity. An alternative method for 
deriving the nonlinear coupled flap-lag-axial equations of motion is 
also discussed. G.R. 


A77-44568 * # Tho nature of surfaces and their influence in 
wear mechanisms. D. H. Buckley (NASA, Lewis Research Center, 
Cleveland, Ohio). Society of Automotive Engineers, International 
Automotive Engineering Congress and Exposition, Detroit, Mich., 
Feb. 28-Mar. 4, 1977, Paper. 22 p. 10 refs. 

The wear of materials is strongly dependent upon the nature of 
the solid surfaces in contact, then properties and me nature of the 
films on them. Oxide films, orientation, crystal transformations, 
adhesive binding, crystal structure, hardness and the presence of 
alloying agents are all shown to effect one or more of the forms of 
wear. The three most common forms of wear, adhesive, abrasive, and 
corrosive, are discussed in terms of the way each is affected by 
various material properties. Results presented indicate how wear can 
be optimized by concern for properties of materials, (Author) 
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A77-44B40 * ft An estimation of the effect of fluid inertia on 
the performance of the plan* inclined tlider thrust bearing with 
particular regard to turbulent lubrication. K. F. King (Watford 
Cfcilege of Technology, Watford, Herts., England) and C, M. Taylor 
(Leeds University, Leeds, England: NASA, Lewis Research Center 
Cleveland, Ohio). ASMS. Transactions, Series F - Journal of 
Lubrication Technology, vol. 99, Jan. 1977, p. 129-135. 25 refs, 


A77-46900 * U High-pressure cryogenic seals for pressure ves- 
sels. A. E. Boggle (NASA. Lewis Research Center, Cleveland, Ohio). 
International Association for Research and Advancement of High 
Pressure Science and Technology and International Union of Pure 
and Applied Chemistry, International High Pressure Conference 6th 
Boulder, Cob., July 25-29, 1977, Paper. 16 p. 8 refs. 

Problems associated with maintaining high pressures at cryo- 
genic temperatures in pressure vessels are investigated. The goals were 
'o identify the appropriate materials and design for a seal intended 
lor cryogenic applications at pressure., op to 4,080 bars 160,000 psi). 
and to examine the factors affecting the sea! performance. The 
method employed and the apparatus used in a series of experimental 
seal system tests, and the test results are described in detail. it is 
concluded that the common seal designs and extrusion seal-ring 
materials such as Teflon, tin, and lead are not suitable. However, new 
seat systems developed using indium seal rings, brass or 304 stainless 
steel anvil rings, and two 0-rings of silicone rubber or Kel-F did prove 
suitable. S C S 


*77-46901 * S The new applications of sputtering and ion 
plating. T. Spalvins (NASA, Lewis Research Center, Cleveland, 
Ohio). American Society of Mechanical Engineers, Design Engi- 
neering Conference and Show. Chicago, III., May 9-12, 1977. Paper. 
25 p. 16 refs. 

The potential industrial applications of sputtering and ion 
plating are strictly governed by the unique features these methods 
possess. The outstanding features of each method, the resultant 
coating characteristics and the various sputtering modes and con- 
figurations are discussed. New, more complex coatings and deposits 
can be developed such as graded composition structures (metal- 
ceramic seals), laminated and dispersion strengthened composites 
which improve the mechanical properties and high temperature 
stability. Specific industrial areas where future effort of sputtering 
and ion plating wifi concentrate to develop intricate alloy or 
compound coatings and solve difficult problem areas are discussed. 

(Author) 


N77-12403*# Case Western Reserve Univ.. Cleveland. Ohio 
Mechanical Design Dept. 

ROLLEH BEARING GEOMETRY DESIGN Final Report 

Michael Savage and Bruce H, W. Pinkston 5 Oct. 1976 113 p 
refs 

(Grant NsG-3077) 

I NASA- CR - 1 3 5082) Avail: NTIS HC A06/MF A01 CSCL 131 
A theory of kinematic stabilization of rolling cylinders is 
extended and applied to the design of cylindrical roller bearings. 
The kinematic stabilization mechanism puts a reverse skew into 
the rolling elements by changing the roller taper. Twelve basic 
bearing modification designs are identified amd modeled. Four 
have single transverse convex curvature in their rollers while 
eight have rollers which have compound transverse curvature 
made up of a central cylindrical band surrounded by symmetric 
bands with slope and transverse curvature. The bearing designs 
are modeled for restoring torque per unit axial displacement, 
contact stress capacity, and contact area including dynamic 
loading, misalignment sensitivity and roller proportion. Design 
programs are available which size the single transverse curvature 
roller designs for a series of roller slopes and load separations 
and which design the compound roller bearings for a series of 
slopes and transverse radii of curvature. The compound rollers 
are proportioned to have equal contact stresses and minimum 
size. Design examples are also given. Author 


N77-234SS*# Rocketdyne. Canoga Parx. ualif 
BMAU, HIGH-PRESSURE LIQUID HYDROGEN TUR- 
BOPUMP Final Report, Aug. 1973 - Apr, 1976 

A Csomor and R. Sutton 18 May 1977 278 p refs 
(Contract NAS3- 17794) 

(NASA-CR- 135186; R76-115) Avail NTIS HC A13/MF AOl 
CSCL 131 

A high pressure, liquid hydrogen lutbopump was designed, 
fabricated, and tested to a maximum speed of 9739 rad/s and 
a maximum pump discharge pressure of 2861 N/sq cm The 
approaches used in the analysis and design ol the turbopump 
are described, and fabrication methods are discussed Data 
obtained from gas generator tests, turbine performance calibration, 
and turbopump testing are presented. Author 


N77-23493*# Boeing Commercial Airplane Co . Seattle, Wash. 

TESTING OF POLYIMIDE SECOND-STAGE ROD SEALS FOR 
SINGLE-STATE APPLICATIONS IN ADVANCED AIRCRAFT 
HYDRAULIC SYSTEMS Final Roport, Jul. 1978 - May 
1977 

A. W. Waterman May t977 57 p refs 
(Contract NAS3- 18529) 

(NASA-CR 135191. D6-44490I Avail NTIS 

HC A04/MF A01 CSCL 1 1A 

Machined polyimide second-stage rod seals were evaluated 
to determine their suitability for single-stage applications whore 
lull system pressure acts on the upstream side of the seal The 
6 35-cm (2 5-in.) K-sectron seal was tested iri impulse screening 
tests where peak pressure was increased in 3 448-MPa (500-psi) 
increments each 20.000 cycles Seal failure occurred at 
37 92 MPa 15.500 psil indicating a potential for acceptability 
in a 27.58-MPa (4.000-psi) system Static pressurization for 
600 sec at pressures in excess of 1034 MPa (1,500 psil 
revealed structural inadequacy of the seal cross section ro resist 
fracture and extrusion Endurance testing showed the seals capable 
of at least 65.000 1 27 -cm (0 5 in I cycles at 450 K 1350 F) 
without leakage. It was concluded that the second-stage seals 
wero proven to be exceptional in the 1 379-MPa (200-psi) 
applications for which they weie designed, but polyimide material 
properties are nor adequate for use in this design at pressure 
loading equivalent to that present in single-stage applications 

Author 


N77-26634*f Pratt and Whitney Aircraft, East Hartford. Conn. 
Commercial Products Div. 

DEVELOPMENT OF A PLASMA SPRAYED CERAMIC GAS 
PATH SEAL FOR HIGH PRESSURE TURBINE APPLICA- 
TIONS Final Report, 2 Oct, 1976 - 31 Dec. 1976 

L. T. Shiembob 24 May 1977 124 p refs 
(Contract NAS3-19759) 

( NASA-CR- 1351 83; PWA-5521) Avail NTIS 

HC A06/MF A01 CSCL 1 1A 

The plasma sprayed graded layered yittria stabilized zirconie 
(Zr02)/metal|CoCtAIY) seal system for gas turbine blade tip 
applications up to 1589 K (2400 F) seal temperatures was 
studied. Abradability, erosion, and thermal fatigue characteristics 
of the graded layered system were evaluated by rig tests. 
Satisfactory abradability and erosion resistance was demonstrated 
Encouraging thermal fatigue tolerance was shown. Initial 
properties for the plasma sprayed materials in the graded, layered 
seal sysiem was obtained, and thermal stress analyses were 
performed. Sprayed residual stresses were determined. Thermal 
stability of the sprayed layer materials was evaluated at estimated 
maximum operating temperatures in each layer. Anisotropic 
behavior in the layer thickness direction was demonstrated by 
all layers. Residual Stresses and thermal stability effects were 
not included in the analyses. Analytical results correlated 
reasonably wall with results of the thermal fatigue tests. Analytical 
application of the seal system to a typical gas turbine engine 
application predicted performance similar to rig specimen thermal 
fatigue performance. A model for predicting crack propagation 
iri the sprayed Zr02/CoCrAIY seal system was proposed, and 
recommendations for improving thermal fatigue resistance were 
made. Seal system layer thicknesses were analytically optimized 
to minimize thermal stresses in the abradability specimen during 
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thermalfetigue totting. Rig tests on the optimized teal configura- 
tion demonstrated tome improvement in thermal fatigue 
characteristics. Author 


•177-37409*# Rocketdyne. Canoga Park. Calif. 

SWAU, HIGH-PRESSURE UQUID OXVQEN TURBOPUMP 
I nn il m Report, Aug. 1B7S - Apr. tBTO 

A. Caomor and R. Sutton Jul. 1977 299 p ref* 

(Contract NAS3-17800) 

(NASA-CR- 135211; R78-178) Avail; NTIS HC A13/MF A01 
CSCL 13K 

A tmaU. high-preteure. liquid oxygen turbopump was 
designed, fabricated, and tatted The pump was of a single-stage, 
centrifugal type: power to the pump was supplied by a 
single-stage, partial emission, axial-impulse turbine. Design 
conditions included an operating speed of 70,000 rpm. pump 
discharge pressure of 2977 N/tq cm <4318 psia), and a pump 
flowrate of 16.4 kg/s <36.21 Ib/sac). The turbine was propelled 
by 102/ tH 2 combustion products at 1041 K (1874 R) inlet 
temperature, and at a design pressure ratio of 1.424. The 
approaches used in the detail analysis and design of the 
turbopump are described, and fabrication methods are discussed. 
Data obtained from gas generator tests, turbine performance 
calibration, and turbopump testing ere presented. Author 


N77-294B2*# Industrial Tectonics, Inc., Compton. Calif, 

PERFORMANCE TtBTB WITH A 4.76 INCH BORE TA- 
PERED-ROLLER BEARINOB AT HIGH 9PEE09 Final 
Report 

Hans R. Signer and Stanley I. Pina! May 1977 100 p 
(Contract NAS3-18017) 

(NASA-CR-135190: ITI-P-1260) Avail: NTIS 

HC A05/MF A01 CSCL 131 

The tapered-roller bearings were tested at speeds to 
15.000 rpm which results in a cone-rib tangential velocity of 
130 m/sec. (25.500 ft/ min). Lubrication was applied either by 
jets or directly to the cone-rib. augmented with jets. Additional 
test parameters included thrust loads to 53.400 N (12.000 lbs), 
radial loads to 28.700 N (6.000 lbs), lubricant flaw rates from 
1.9 x 0.000 to 15.1 x 0.001 cubic meter/min. (0.5 to 4.0 gpm). 
and lubricant inlet temperatures of 350 K and 364 K (170 F 
and 195 F). Temperature distribution, separator speed, and 
dnva-motor power demand were determined as functions of these 
test parameters. Author 


N77-2B484*# Camegie-Mellon Untv.. Pittsburgh. Pa. 

SIMPLIFIED COMPUTER PROGRAM FOR THE ANALYSIS 
OF PHASE CHANGE IN LIQUID FACE SEALS Final 

H # p 0 ft . . ... 

Michael Sirchak and William F. Hughes May 1977 46 p refs 
(Grant NsG-3023) 

(NASA-CR- 134668) Avail: NTIS HC A03/MF A01 CSCL 
11A 

A simplified computer program is presented which allows 
for the prediction of boiling (phase change) in liquid face seals. 
The program determines if and when boiling occurs and then 
calculates the location of tha boiling interface, pressure and 
tamparatura profiles, and load. Tha main assumption which allows 
for a simplified analysis is tha assumption of an isothermal gaa 
phase- Author 


Tha durability of catalyst* and catalyst supports in a 
combustion environment was experimentally demonstrated A test 
of 1000 hours duration was completed with two catalysts, using 
diesel fuel and operating at catalytically supported thermal 
combustion conditions, Tha performance of the catalysts was 
determined by monitoring amissions throughout tha test, and by 
examining tha physical condition of the catalyst core at the 
conclusion of the test. The test catalysts proved to be capable 
of low emissions operation after 1000 hours diesel aging, with 
no apparent physical degradation of the catalyst support. Author 


N77-91MO*# Rockatdyne. Canoga Park. Calif. 

SMALL HIGH-SPEED SELF-ACTING SHAFT SEALS FOR 
UQUID ROCKET ENGINES Final Report. Jul. 1S73 • Dm. 
1S7S 

R. E. Burcham and J. L. Boynton Jul. 1977 215 p refs 
(Contract NAS3- 17769) 

(NASA-CR- 136 167; RI/RD77-195) Avail: NTIS 

HC A10/MF A01 CSCL 11A 

Design analysis, fabrication, and experimental evaluation were 
performed on three self-acting facetype LOX seal designs and 
one circumferential-type helium deal design. The LOX seals 
featured Rayleigh step lift pad and spiral groove geometry for 
lift augmentation. Machined metal bellows and piston ring 
secondary seal designs were tasted. The helium purge seal featured 
floating ring* with Rayleigh step lift pads. The Rayt<->gh step 
pad piston ring and the spiral groove LOX seals ware success- 
fully tested for approximately 10 hours m liquid oxygen. The 
helium seal was successfully tested for 24 hours. The shrouded 
eigenvalues for each order of Bessel function n - 20. hub-to-tip 
ratio no - 0.3. 0.6. A computer program to obtain the three 
dimensional flow field in a turbomachinery with arbitrary number 
of blades, number of singular points per blade, and singular 
points locations was developed. Examples illustrating the 
interference effects due to hub-to-tip ratio, stagger angle, numbers 
of the blades were carried out. The effects of the radial 
variation of the strength of the radial source line were examined. 
Tha three dimensional effects are found to be appreciable for 
low hub tip configuration with fewer number of blades. 

Author (GRA) 


A77-36690 * Fabricr'Jon of PDA/HTS prototype com- 

ponents, C. H. Shepparri, M. K. O’Rell, R. W. Vaughan, and R. J. 
Jones (TRW Systems, Fadondo Beach, Calif.). In: Bicentennial of 
materials; Prm .edings of the Eighth National Technical Conference, 
Seattle, Wash., October 12-14. 1976. (A77-36669 16-23) Azusa, 
Calif., Society for the Advancement of Material and Process 
Engineering. 1976. p. 257-273. Contracts No. NAS3-15834; No. 
NAS3-17770; No. NAS3-17824. 

A process was developed for autoclave molding structural 
poly-(Diels-Atder) polyimide (PDA) resin/HTS graphite composites 
for short-term 600 F service. The autoclave molding process used to 
fabricate these composites required a maximum cure temperature of 
427 K (400 F) and a maximum molding pressure of 0.7 MN/sq m 
(100 psig). This process then was adapted to the fabrication of 
co-cured polyimide sandwich panels consisting of PDA/HTS skins, 
PDA syntactic foam and polyimide/glass honeycomb core. Fabrica- 
tion ease was demonstrated by manufacturing five three-quarter scale 
YF-12 wing panels using the PDA resin. It was concluded from 
successful evaluation of these prototype units that die PDA resin is 
suitable for fabrication of components using commercial equipment. 

(Author) 


N77-2BS1S*# Engelhard Minerals and Chemicals Corp.. Edison. 
NJ. 

DURABILITY TESTING AT ONE ATMOtPHERE OF AD- 
VANCED CATALYSTS AND CATALYST SUPPORTS FOR 
AUTOMOTIVE GAS TURBINE ENGINE COMBUSTORS. 
PART 1 Final R epo rt 

R. M. Hack. M. Chang, H. He**, and R. Carrubba Jun. 1977 
231 p refs Sponsored In part by ERDA 
(Contract NAS3- 19416) 

(NASA-CR-136132; CONS-9416-1) Avail: NTIS 

HCA11/MFA01 CSCL 218 


A77-48714 * Conceptual design of dosed Bray ton cycle :or 

coal-fired power generation. R, P. Shah and J. C. Corman (General 
Electric Co., Schenectady, N.Y.). in: Intersociety Energy Conversion 
Engineering Conference, 12th, Washington. D.C., August 28- 
September 2, 1977, Proceedings. Volume 1. (A77-48701 23-441 La 
Grange Park. III., American Nuclear Society, Inc., 1977, p. 158-166. 
ERDA-NSF-sponsored research; Contract No. NAS3-19406. 

The objectives to be realized in developing a closed cycle gas 
turbine are (1) to exploit High temperature gas turbine technology 
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38 QUALITY ASSURANCE AND 
RELIABILITY 

Include* product umpling procedures and techniques; 
and quality control. 


N77-10657*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

1 WWItp INTENSITY FACTORS FOR ROUHO 
COMPACT SPECIMENS 

Bernard Gross 1976 7 p refs Presented at Task Group 

E-24.01.12 of Comm. E-24 of the Am. Soc. for Testing and 
Mater.. Philadelphia, 6 Oct. 1976 

(NASA-TM-X-73472; E-8857) Avail: NTIS HC A02/MF A01 
CSCL 20K 

The mode 1 stress intensity factors were computed tor round 
compact specimens by the boundary collocation method. Results 
are presented Tor ratios A sub T/R sub 0 in the range 03 to 
0.8. where A sub t is the distance from the specimen center to 
the crack tip for a specimen of diameter 2R sub 0. Author 


N77-1MM*f National Aeronautics and Space Administration. 
Lewis Research Canter. Cleveland. Ohio. 

APPLICATION OF STRAINRANGE PARTITIONING TO THE 
PREDICTION OF MFC CREEP-FATIGUE DATA FOR 2 1/4 
Cr-IMo STEEL 

James F. Saltsman and Gary R. Halford 1976 28 p refs 

Proposed for presentation at Winter Ann, Meeting of the Am 
Soc of Mechanical Engineers, New York. 5-10 Dec 1976 
(NASA-TM X-73474) Avail: NTIS HC A03/MFA01 CSCL 
13M 

Strainrange partitioning is used to predict the long time 
cyclic lives of the metal properties council (MFC) creep-fatigue 
intersperslon and cyclic creep-rupture tests conducted with 
annealed 2 1/4 Cr-IMo steel. Observed lives agree with predicted 
lives within factors of two The strainrange partitioning life relations 
used for the long time predictions were established from short 
time creep-fatigue data generated at NASA-Lawis on the seme 
heal of material Author 


N77-10689*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

TREATMENT OF MULTIAXIAL CREEP-FATIGUE BV 
STRAINRANGE PARTITIONING 

S. S. Manson and G H Halford 1976 26 p rafs Presented 
at the Winter Annual Meeting of the Am. Soc. of Mechanical 
Engineers. New York. 6-10 Dec. 1976 

(NASA-TM-X-73468) Avail: NTIS HC A03/MF A01 CSCL 
13M 

Strainrange partitioning is a recently developed method for 
treating creep-fatigue interaction at elevated temperature. Most 
of the work to date has been on uniaxially loaded specimens, 
where as practical applications often involve load multiaxjality 
it is shown how the method can fan extended to treat multiaxial- 
ity through a set of rules for combi.ing the strain components 
in the ihree principal directions. Closed hysteresis loops, as well 
as plastic and creep strain ratcheting are included. An application 
to hold-time tests in torsion will be used to illustrate the 
approach. Author 


N77-12423’# National Aeronautics and Space Administration. 
Lewis Research Canter. Cleveland, Ohio. 

TRAVELING-WAVE TUBE RELIABILITY ESTIMATES. LIFE 
TESTS. AND SPACE FLIGHT EXPERIENCE 

Vincent fl. Lalli and Carlton 6. Speck 1977 10 p refs Proposed 
for Presentation at the Ann. Reliability and Maintainability Symp.. 
Philadelphia, 17-19 Jan. 1977 

(NASA-TM-X-73641; E-8973) Avail: NTIS HC A02/MF A01 
CSCL 14D 

Infant mortality, useful life, and wearout phase of tvyt life 
are considered. The perforroertce of existing developmental tubes. 


flight experience, end sequential hardware testing ere evsluated. 
The reliability history of twt'e in space application* i* documented 
by considering: ID the generic parte of the tube in light of the 
manner in which their design and operation affect the ultimata 
reliability of the device. (21 Ih* flight experience of medium 
power tubes, end (3) the available life test date for existing 
space-qualified twt'e in addition to those of high power devices. 

Author 


N77-2SSSS*f National Aeronautics and Space Administration. 
Lewis Research Cents r. Cleveland. Ohio. 

REAL-TIME RADIOGRAPHIC INSPECTION FACILITY 
Ernest Roberts. Jr. Washington Aug. 1977 21 p refs 
INASA-TN-D-8529; E-91561 Avail: NTIS HC A02/MF A01 
CSCL 140 

A reel time radiographic inspection facility has been developed 
for nondestructive evaluation applications. It consist* of an X-ray 
source, an X-fsy sensitive television imaging system, an electronic 
analog image processing system, and a digital image processing 
system, The digital image processing system is composed of a 
computer with the necessary software to drive the overall facility. 
Descriptions are given of the design strategy, the facility's 
components, and its current capabilities Author 


N77-3SS17*# Nationel Aeroneuties and Space Administration. 
Lewi* Research Center. Cleveland, Ohio. 

LUBRICATION OF HIGH SPEED, LARGE BORE TAPEREO- 
ROUER BEARINGS 

R. J. Parker end H. R. Signer (Industrial Tectonics, Inc.) 1977 
29 p refs Presented at the Joint Lubrication Conf., Kansas 
City. 3-6 Oct. 1977: sponsored by ASLE and ASME 
(NASA-TM-X-73673: E-8826) Avail NTIS HC A03/MF A01 
CSCL 111 ' 

The performance of 120.6S-mm- (4.75-in.-) bore tapered- 
roller bearings was investigated at shaft spaeds up to 15.000 
rpm (18.000 DN). Temperature distribution and bearing heat 
generation were determined ss a function of shaft speed, radial 
and thrust loads, lubricant flow rate, end lubricant inlet tempera- 
ture. Lubricant was supplied either by jets or by a combination 
of holes through the cone directly to the cone-rib contact end 
jet* at the roller tmell-end side, Cone-rib lubrication significantly 
improved high-speed tspered-roller bearing performance, yielding 
lower cons-ftce temperatures and lower power loss and allowing 
lower lubricant flow rates for a given speed condition Searing 
temperatures increased with increased shaft speed and decreased 
with increased lubricant (tow rate. Bearing power loss incraased 
with increased shaft speed and increased lubricant flow rate. 

Author 


N77-33B18*# National Aeronautics end Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

DESIGN CONSIDERATIONS IN MECHANICAL FACE SEALS 
FOR IMPROVED PERFORMANCE. 27 LUBRICATION 

Lawrence P. Ludwig end Harold F. Greiner (Seslol. Inc.) 1977 
20 p refs Presented at Winter Ann. Meeting of ASME. Atlanta, 
27 Nov. - 2 Dec 1977 

(NASA-TM-73736: £-9298-2) Avail NTIS HC A02/MF A01 
CSCL 1 1A 

The importance of sealing technology in our industrial, 
chemical-oriented society in regard to maintenance and environ- 
mental contamination is pointed out. It is stated that see! 
performance (leakage, life) is directly related to seal lubrication. 
Current thinking in regard to seal lubrication is reviewed: the 
effect of energy dissipation in the thin lubricating film asperating 
the seeling faces is pointed out. and the resulte of vaporization 
due to heating are illustrated. Also, hydrodynamic lubrication is 
reviewed, and an inherent tendency for the seal to operate with 
angular misalignment is shown. Recant work on hydrostatic affect* 
is summarized and the conditions for seal Instability are discussed. 
Four different modes of seat lubrication are postulated with the 
mode type being a strong function of speed and pressure. 

Author 
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N7M9*77»# Westinghoute Electric Coro.. Pituburah P. 

■•Si?* AMPLIFIER SCREENS: FABRICATION 

RROCESS AND CHARACTERISTICS Final Raport 

Zoltan Sropesi Mar. 1877 27 p rah "•R®** 

(Contract NAS3- 19902) 

** 

Tl.a 


h'wpw ana trawler characteristics tor solid 
ttata radiographic image transducers (radiographic amplifier 
screens) it described, These screens were developed far uu in 
r^LlT" n °" d * s,,uc,iv e evaluation procedures that require targe 
format radiographic images with contrast end resolution 
capabihties unavailable with conventional fluoroscopic screens 

d,rect * d ,crMns usable for Inmotion, on-line 
radiographic inspection by means of closed circuit television. 

Author 
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39 STRUCTURAL MECHANICS 

Include* itructurai element design and weight analysis ; 
fatigue: and thermal at rat*. 

For application* aaa 05 Aircraft Design. Tatting anti 
Performance and 18 Spacecraft Design. Tasting and 
Performance. 


N77-11439*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio. 

CYCUC STRUCTURAL ANALYSIS OF AIR-COOLED GAS 
TURBINE SLADES AND VANES 

Albert Kaufman and Raymond E. Gaughir 1976 30 p refs 

Presented at the Aerospace E..„. Conf. San Diego. Calif 
29 Nov. - 2 Dec. 1976 Sponsored by the Soc. of Automotive 
Eng • 

(NASA-TM-X-73494; E-8892) Avail: NTiS HC A03/MF A01 
CSCL 21 E 

The creep fatigue behavior of a fully impingement cooled 
blade for four cyclic cases was analyzed by using the Elas 55, 
finite element, nonlinear structural computer program. Expected 
cyclic lives were calculated by using the method of strainrange 
partitioning for reversed inelastic strains and time fractions for 
ratcheted tensile creep strains. Strainrange partitioning was also 
applied to previous results from a one dimensional cyclic analysis 
of a film impingement cooled vane. The analyses indicated that 
strainrange partitioning is mare applicaole to a constrained airfoil 
such as the film impingement cooled vane than to the relatively 
unconstrained fully impingement cooled airfoil. Author 


N77-11442*|jl National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio 

RIM-SPOKE COMPOSITE FLYWHEELS. STRESS AND 
VIBRATION ANALYSIS 

Christos C. Chamjs and Louis J. Kiraly Washington Nov 1976 
21 p ref Presented at 1975 Flywheel Technol. Symp.. Berkeley. 
Calif., 10-12 Nov. 1975 

(NASA-TN-D-8339; E-8657) Avail NTIS HCA02/MFA01 
CSCL 20K 

Elementary relations are described to determine the materiel 
utilization efficiency of a thin wall rim composite flywheel over 
other configurations An algorithm is generated for the automatic 
selection of the optimum composite material for a given thin 
rim flywheel environment. Subsequently, the computer program 
NASTRAN is used to perform a detailed stress and vibration 
analysis of thin wall cylindrical shell rim spoke, single rim and 
muitirim composite flywheels for a specific application Author 


N77-13467*# National Aeronautics and Space Admirusiration. 
Lewis Research Center. Cleveland. Ohio. 

HEAVY SECTION FRACTURE TOUGHNESS SCREENING 
SPECIMEN 

John L. Shannon, Jr.. J. Keith Donald (Ocean City Res, Jorp.. 
Hellertown, Pa.), and William F. Brown. Jr. May 1976 24 p 
refs Presented at the Symp. on Develop, in Fracture Mech. 
Test Method Standardization, St. Louts, 2-7 May 1976: sponsored 
by Am. Soc. Test Mater, 

I NASA-TM'X-7356 1 ) Avail: M,TS HC A02/MF A01 CSCL 
11F 

Size requirements for it pin loaded double edge notch + crack 
tension specimen proposed for fracture toughness screening heavy 
section alloys were studied. Ranking of eight selected alloys 
based on the specimen's net strength was compared with that 
based on the valid plane strain fracture toughness separately 
determined. Performance of the specimen wee judged on the 
basis of that comparison. The specimen’s net strength was 
influenced by three critical specimen dimensions: distance 
between- the crack plane and the loading hole, specimen width, 
and specimen thickness. Interaction between the stress fields of 
the crack and the loading holes reduced the net strength, but 
this effect disappeared as the separation reached a dimension 
equal to the specimen width. The effects of specimen width 
and thickness are interrelated and affect the net strength through 
their influence on the development of the crack tip plastic zone. 

Author 


N77-18441*# National Aeronautics and Space Administration, 
lewis Research Center. Cleveland, Ohio, 

FREE-VIBRATION CHARACTERISTICS OF A LARGE 
SPLIT-BLANKET SOLAR ARRAY IN A 1-g FIELD 

Francis J. Shaker Washington Dec. 1976 62 p refs 
(NASA-TN-D-B376; E-8827) Avail: NTIS HC A04/MF A01 
CSCL 13M 

Two methods for studying the free vibration characteristics 
of a large split blanket solar array in bath a 0-g and a 1-g 
cantilevered configuration are presented. The 0-g configuration 
corresponds to an in-orbit configuration of the array: the 1-g 
configuration is a typical ground test configuration. The first 
method applies the aquations of continuum mechanics to 
determine the mode shapes and frequencies of the array: the 
second method uses the Rayleigh-Ritz approach. In the Rayleigh- 
Ritz method the array displacements are represented by string 
modes and cantilevered beam modes. The results of this 
investigation ere summarized by s series of graphs illustrating 
the effects of various array parameters on the mode shapes 
and frequencies of the system. The results of the two methods 
art also compared in tabular form. Author 


N77-19486*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 
LOAD-DISPLACEMENT MEASUREMENT AND WORK 
DETERMINATION IN THREE-POINT BEND TESTS OF 
NOTCHED OR PRECRACKED SPECIMENS 
Robert J. Buzzard and Douglas M. Fisher 1977 16 p refs 

Presented at the Task Group E-24.01 09 of the Am. Soc. for 
Testing and Mater. Comm., Norfr/i*, Va.. 22-25 Mar. 1877 
(NASA-TM-X-73596: E-8378) Avail: NTIS HC A02/MF A01 
CSCL 13M 

Suggestions for testing of notched or cracked three-point 
bend specimens are presented which: (1) correct displacement 
measurement errors resulting from misalignment between the 
load applicator and specimen: (2) account for coincidental strains 
not associated with the work of crack extension: 13) simplify 
record analysis and processing: and (4) extend displacement gage 
range without sacrifice of sensitivity or accuracy. These testing 
details are particularly applicable to procedures in which the 
crack extension force is determined from the work done on the 
specimen. Author 


N77-20482*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio, 

FATIGUE CRITERION FOR THE DESIGN OF ROTATING 
SHAFTS UNDER COMBINED STRESS 

Stuart H. Loewenthal Mar, 1977 9 p refs 
INASA-TM-X-73639: E-9141) Avail NTIS HC A02/MF A01 
CSCL 13M 

» A revised approach to the design of transmission shafting 
which considers the flexure fatigue characteristics of the shah 
material under combined cyclic bending and static torsion stress 
is presented. A fatigue failure relation, corroborated by published 
combined stress rest data, is presented which shows an elliptical 
variation of reversed bending endurance strength with static 
torsional stress. From this elliptical failure relations, a design 
formula for computing the diameter of rotating solid shafts under 
the most common condition of loading is developed. Author 


N77-20504*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

NASTRAN AS AN ANALYTICAL RESEARCH TOOL FOR 
COMPOSITE MECHANICS AND COMPOSITE STRUC- 
TURES 

C. C. Chamis, J. H. Sinclair, and T L. Sullivan In its NASTRAN: 
User's Experiences Get. !976 p 381-418 refs (For primary 
document see N7 7 -20485 11-39) 

Avail: NTIS HC A24/MF A01 CSCL 13M 

Selected examples are described in which NASTRAN is used 
as an analysis research toot for composite mechanics and for 
composite structural components The examples were selected 
to illustrate the importance of using NASTRAN as an analysis 
too! in this rapidly advancing field, Author 
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N77-27431*# National Aeronautic* and Space Administration. 
Lewis Research Center. Cleveland, Ohio, 

LVSI * OF * CRACKED CIRCULAR DISK 
SUBJECT TO A COUPLE AND A FORCE 

Bernard Gross 1977 IS p refs 

IH^^I^’ 7369 ^ E ' 92281 Awal1 NTIS HC A02/MF A01 
uSCL 20K 


Mode 1 stress intensity coefficients were obtained for an 
edge-cracked disk (round compact specimen). Results for this 
Plane elastostatic problem, obtained by a boundary collocation 
analysis are presented for ratios 0 3S less than A/D less than 
" h * fe A 15 the crack length and D is the disk diameter. The 
results presented are for two complementary types of loading, 
By superposition of these results the stress intensity factor K 
sub I for any practical load line location of a pin-loaded round 
compact specimen can be obtained. Arjthor 


N77-27437*# National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. Ohio 


UFE analysis using 

STRAIMRANGF PARTITIONING 

S. S, Manson (Case Western Reserve Univ,) and'il R. Halford 
Nov. 1976 51 p refs Presented at Ann. Meeting of Am. 

Soc. Meehan Eng.. New York, Dec 1976 
(Contract W-7405-ehg-26) 

( u N r- AS ^'7^: 74756 C°nf -76 1107-3) Avail: NTIS 

HC A04/MF AO I CSCL 13M 


The method to treat multiaxiallty through a set of rules for 
combining the strain components in the three principal directions 
is presented Closed hysteresis loops, as well as plastic and 
creep strain ratcheting, are included An application to holdtime 
tests in torsion is used to illustrate the approach ERA 


N77-2B621*! National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

ElAST,C STRESS AND DI8PLACE- 
T^nInG^CRACKS OF F NITE GEOMET " y SOLIDS CON- 

Jonathan Kring, John Gyekenyesi. and Alexander Mendelson 
1977 t6 p refs Presented at 23d Conf. of Army Mathematicians. 
Hampton. Va.. 11-13 May 1977. sponsored by the Dept, of the 
Army Prepared in cooperation with Army Air Mobility fl and D 
Lab., Cleveland. Ohio 

(NASA-TM-73717; E-92631 Avail NTIS HC A02/MF A01 
CSCL 20K 


The line method of analysis is applied to the Navier-Cauchy 
equations of elastic equilibrium to calculate the displacement 
nelds in linito geornni-y bars containing central, surface, and 
double-edge cracks under extensionally applied uniform loading, 
The application of this method to those equations leads to coupled 
sets of simultaneous ordinary differential equations whose 
solutions are obtained along sets of lines m a discretized region. 
Normal stresses and the stress intensity factor variation along 

r h M° fa T l k pB ' iphe,y a,e calcula ' od USI "S the obtained displacement 
field. The reported results demonstrate the usefulness of this 
method in calculating stress intensity factors tor commonly 
encountered crack geometries in finite solids Author 


N77-28622*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

DISPLACEMENT COEFFICIENTS ALONG THE INNER 
BOUNDARIES OF RADIALLY CRACKED RING SEGMENTS 
SUBJECT TO FORCES AND COUPLES 

Bernard Gross Jut 1977 17 p refs 

CSCL^OK 1 7373 ° : E ' 92181 Avail NT,S HC A02 /MF A01 


Displacement results of plane boundary collocation analysis 
are given for various locations on the inner boundaries of radially 
cracked ring segments IC-shapod specimens) subject to two 
complementary types of loading Results are presented for ratios 
of outer to inner radius R sub o/R sub i in the range of 1.1 to 
2.5. and ratios a/W in the range 01 to 0 8 where a is the 
crack length for a specimen of wall thickness W. By combination 


of these results the resultant displacement coefficient delta or 
the corresponding influence coefficient, can be obtained for any 
practical load line location of a pin loaded specimen. Author 


N77-2B658*l National Aeronautics and Space Admii istration 
Lewis Research Center. Cleveland. Ohio, 


•vnnmm-su-winun-ieiueuacgpT OBSERVATIONS 
AND MECHANICAL CHARACTERISTICS OF ION-BEAM- 
SPUTTERED SURGICAL IMPLANT ALLOYS 

Wbert J Weigand. M. Use Meyer, and Jam S. Ung Washington 
Aug. 1977 33 p rtfi 

rcn? A «Ic X ' 3563: E ' 9066) Av,it: NTIS HC A03/MF A01 

vbwL IIP 


An electron bombardment ion thruster was used as an ion 
«>urce to sputlat the surfaces of orthopedic prosthetic metals. 
Scanning electron microscopy photomicrographs were made of 
each ion beam textured surface. The effect of Ion texturing an 
implant surface on its bond to bona cement was investigated. 
A Co-Cr-W alloy and surgical stainless steal wete used as 
representative hard tissue implant materials to determine effects 
of ion texturing on bulk mechanical properties Work was done 
to determine the effect of eubstrate temperature on the 
development of an ion textured surface microstrueture. Results 
indicate that the ultimate strength of the bulk materials is 
unchanged by ion texturing and that the microstrueture wilt 
develop more rapidly if the substrate is bested prior to ion 
,# ** urin « Author 


N77-30600 ft National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

CSHAPED SPECIMEN PLANE STRAIN FRACTURE 
TOUGHNESS TESTS 

R. T. Buzzard and 0. M. Fisher Jul. 1977 20 p refs 
INASA-TM-73731. E-9291) Avail: NTIS HC A02/MF A01 
CSCL 20K 


Test equipment, procedures, and data obtained In the 
evaluation of C-shaped specimens are presented Observations 
reported on include: specimen preparation and dimensional 

measurement; modifications to the standeid ASTM E 399 
displacement gage, which permit punch mark gage point 
engagement; and a measurement device for determining the 
interior and exterior radii of ring segments. Load displacement 
ratios were determined experimentally which agreed with 
analytically determined coefficients for three different gage lengths 
on the inner surfaces of radially-cracked ring segments Author 


N77-31B44 § National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio. 

T“ E 0F PARABOLIC variations and the direct 
? u il£JL« , l 0F *™ # * intensity factors using 

infc VfE METHOD 

Alexander Mendelson 1977 16 p refs Presented at the 

0n Appl 0f Com * )utef Methods Eng., Los Angeles. 
23-26 Aug. 1977; sponsored by the Univ. of Southern Calif 
(NASA-TM-X-73681: £*9214) Avail: NTIS HC A02/MF A01 
CSCL 13M 


advances * n the numerical technique* of utilizing the 
Bit method are presented. The boundary unknowns are 
represented by parabolas over each interval which are integrated 
in closed form. These integrals are listed for easy use, For problems 
involving crack tip singularities, these singularities are included 
in the boundary integrals so that the stress intensity factor 
becomes just one more unknown in the set of boundary unknowns 
thus avoiding the uncertainties of plotting and extrapolating 
techniques, The method is applied to the problems of a notched 
beam in tension and bending, with excellent results. Author 


f* 77 :******# National Aeronautics and Space Administration. 
Lewi* Research Center. Cleveland. Ohio 

UFF T |iiyiT , ?n ii* A r «i ED * T ** ,N " A "0E PARTITIONING 
WINS FOR CREEP-FATIGUE UFE FREDIC- 


17 p mfrl*T an ' c * nd Hir *chb«rfl 1977 

°f E»fl. Meter.. BtictabSo V» E To °12 a,ldDe H rada * i on 
by V». Polytech. Inst. ° " 1012 0c1 , 97 7; sponsored 

( ^^'j« 3 b 7 JJ V,il: 2 TlS HC A °2/MF A01 CSCL 20K 
presented for eetimBting^n^efo ^; 98 P * r,l,IO0m 9 (SRP) are 

convan *' ona *f*ns 8 e P *S PP re«p d mpturB 
5S**! “? duc,ad ,n ,h * environment of interest be ueed in a set 
ofdo^y normaiited equations for makin 8 I o\d« 

bS^oTffe™. °l 1 ? Uf ? flP ln * , ** ,ic elfeinunoe life rele- 
ttonsi Different levels of sophistication in the epplication of the 

n Y 01 ' IIus,,a,iv » exemples with 

,l,o y?' P'eOictions of cyclic lives generally 
egfee with observed lives within factor, of three. Author 


-”'? 0 ? 7 . 1 * Doubly-curved varlabf«-thickn»n itopare- 

™ t e , lem,nt - M - Minlch (Cleveland S*te 

r-'-V, Cleveland, Ohio), and C. C. Chamis (NASA Lewis 

pu*?L%%T/ n G £f*"£ r 0hM} ' fNational Symposium on Com- 

Un^X^ZZom^. Zr De ^r%e 7 TomfT St ^ 

Structures, vol. 7. Apr. 1977, p. 29B. 3 oT !2 r^f * "* 

,, J h,s pdp * r ‘'escribes an element streamlined for the analysis of 

fus ^t C T,r ; f em- ablB ' , u CkneS5 5,r — ' —ponenrtd 

Thll! effective applicant to vibration and static problems 
I^rrr ' 5 ' sop<iram,;,nc - dob ''V-curved, thin-shell and ?r ianguiar 

attic mati '^r 5 and T ? CCD r nS ,0r anfSD,r0pic ’ -homott 

j behavior. The element has six nodes (three corner 
fhl ,f r ? M) Wi,h fi « dagrees-of-freedom (DOF) per node 

SHSSr 

(Author) 


ramnnlftl 6 *, 17 . < ' on ‘ :epts for She development of light-weight 

r SA^ UwTrS^ a^anTSS^ 

ss^ss^js^t^ 

sinclett? ° n | PUb l’ shed resul,s rQtor burst containment with 
of hvomh« : T, b ° dV drraQr usm 9 composite materials, a set 

rieslm, P ( h - ® stab,| sbed as to what variables might control the 

, -ms.,... s,; a 

“irr£- d - Th - "< 

(Author) 


A77-479S7 * ft Three-dimensional elastic stress and displace- 
ment analysis of finite geometry solids containing cracks. J. Kring J 

A^T'm^,*- f ! mdek ° n (NASA - Levvis Research Center; U.S 
la^ Ohio) ^ ^ Re “ arch and Development Laboratory. Cieve^ 

Somn > » 7/;, W,re ° fA ™Y Mathematicians. 23rd 

Hampton, I/a.. May 1 1- 13, 1977. Paper. 1 5 p. 1 8 refs. 

t The ( '" e " lethod of analysis is applied to the Navier-Cauchy 

^ fln m ne°om r PC li eqU,libri ' Jm t0 calculatB the ^Placement fields 
in finite geometry bars containing central, surface, and double-educ 

crack* under extensmnally applied uniform loading. The application 
of This method to these equations leads to coupled sets of 
simultaneous ordinary differential equations whose solutions are 
Obtained along sets of lines in a discretized region. Normal stresses 
and the stress intensity factor variation along the crack periphery are 
calculated using the obtained displacement field. The reported results 
demonstrate the usefulness of this method in calclting stress 
intensity factors for commonly encountered crack geometries in 
Unite solids. , A . . . 

(Author) 


* ”/ S1 , S76 Development, in fracture mechanic tart 

r^lVa n ?i;t^ i0n: P,0 “ edi^5, of *• Symposium, St. Louis, 

MO, May 4 , 1976. Symposium sponsored by the American Society 

"Trr apd Materials and NASA. Edited by W. F. Brown, Jr. 

fie5ea,Ch ( Cemer ' Cleveland, Ohio) and j. G. Kaufman 
(Aluminum Company of America, Alcoa Center, Pa.). Philadelphia, 

t^ToT, 3 ^ f ° r Te5tinfl and Ma[eria,s (ASTM Special 
Technical Publication, No. 632), 1977. 293 p. Members, S 14.80; 

“ S24 ' 76 - (F°r individual items see A77-51677 to 

.. t . E ^ rie " ca in Plane-strain fracture toughness testing per ASTM 
“ E 399 1S J ide - d along with fracture toughness testing 
“ '" 8 ' h ° c . sha ped specimen, an analysis of radially cracked ring 

specimens **l!w!d* t0 h^o C ° Up,CS - Complia n cc calibration of 
d ' n the R ' curve pracIlce - heavy-section fracture 
tenstr 55 5CreCnm<J , specimBn - and Sharply notched cylindrical 

Attendon TT nS ° r SCfeenin8 P !ane ' st rain fracture toughness. 
Attention is also given to an investigation of some problems in 
developing standards for prepacked Charpy specimen strength ratios 
racture testing with surface crack specimens, and the estimation of 
tfane strain fracture toughness values from slow bend precracked 

Charpy specimen strength ratios. G R 


ndiiMi^ 79 / * J Anj ‘ y,is of ,adial| V cracked ring segment, 
tubject to forces and couples. B. Gross and J. E. Srawley (NASA 

Ohbi fn’' n fCh | Cemer ' Fr8c,ure Mechanics Section, Cleveland' 
dardizat on Davelo P rnBn,s ir > ,r acture mechanics test methods stan' 
laffi tlzv n-r- 5 ° f the SV^PbsiU"), St. Louis, Mo., May 4 
1976. IA77-51S76 24-39) Philadelphia, Pa., American Society for 
Testing and Materials, 1977, p. 39-56. 8 refs. V 

Results of Planar boundary collocation analysis are given for 
rnmh 9 aT (C ' shaped) spocimens with radial cracks, subjected to 

r 3nd a° UP,BS - Mode 1 StrBSS intBnsily factors and 
era* mouth opening displacements were determined for ratios of 

° ' B , lnnBr ’■ ad,us ,n »he range M to 2.5 and ratios of crack 
length to segment width in the range 0.1 to 0.8. (Author) 


52 , Hea “ y -’“ ,lon fracture toughness screening 

tpecimen. J. L, Shannon, Jr„ W. F, Brown, Jr. (NASA Lewis 
Research Center. Cleveland, Ohio), and J. K. Donald (Ocean City 
Research Corp., Hellertown, Pa.). In: Developments in fracture 
mechanics tesl methods standardization; Proceedings of the Svm 
pos, um. St. Louis. Mo.. May 4, 1976. (A77-5lT76 24 ^) Phi^ 

96414* 6 P refs AmGr ' Can S ° Cie ‘ V f ° r TeSt n ® and Ma,cr ' al =- 1977. p. 

The reoortad study has the objective to fix the proportions and 
■nuts of application of a double-edge-notch specimen with one of 

he DENC 5 " PP W,th 3 ' 3t ' 9UB Crack < D£fy C). Details regarding 
he DENC specimen are d.scussed, taking mto account specimen 

tfmf C° tC f. nSt ' S 4 PeC ' men Width 3nd thipknass . and the loading 
pins. The influence of specimen width and thickness on the crack 
strenght and apparent plane-strain fracture toughness of “e 

he DENC 3 ' ™ en detB 7 ned ,or ei 9 ht al!oys - « is concluded that 
the DENC specimen shows promise for screening alloys with 
reference to their plane-strain fracture toughness in sect ons up to 1 

G.R. 


^ , ■ Investigation of some problems in developing 

B, h M u P , reCraCked Gharpy slow ha" 1 * ^sts. G. Succop R T 
Bubsey, M. H. Jones, and W. F. Brown, Jr. (NASA, Lewis Resea-’h 
Center, Fracture Branch. Cleveland, Ohio). In: Developments' in 

Svmons me ’ Ch q?' CS , tBSt methDds standardization; Proceedings of the 
Symposium, St. Louis, Mo., May 4, 1976 (A77-51576 ?a nqi 
Ph,lada!phi 3 .Pa„f American Society for Testing and Materials. 197?! 

J7 reported I investigation was undertaken in connection with 
an attempt to develop procedures which would be useful in 
ndardizing a test method for the precracked Charpy slow bend 
specimen. A number of alloys was studied for which valid p^ 
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strain fracturci toughness values have been established. The investiga- 
tion shows that useful relations between precracked Charpy slow 
bend results and crack size factors can be obtained under some 
circumstances, However, it is not yet known what factors control 
these circumstances. qr 


A77-51S85 * J Estimation of K/lc/ from slow bend pre- 
ertteked Charpy specimen strength ratios. G. Succop and W. F. 
Brown, Jr. (NASA, Lewis Research Center, Fracture Branch. 
Cleveland, Ohio), in: Developments in fracture mechanics test 
methods standardization,- Proceedings of the Symposium St Louis 
Mo„ May 4, 197G. (A77-51576 24-39) Philadelphia, Pa„ American 
Society for Testing and Materials, 1977. p. 179-192. 9 refs. 

Data are presented concerning strength ratios which have been 
derived from slow bend tests on 0.25-in, -thick precracked Charpy 
specimens of steels, aluminum alloys, and a titanium alloy for which 
valid KC Id values have been established, The K(lcl values considered 
are plane strain fracture toughness values as defined in the ASTM 
Method E 399-74. The strength ratios are used to develop calibration 
curves which could be useful in estimating Kitcl far the puiposes of 
alloy development or quality contmi. <3 r 


N7?-21467*| Lockheed- California Co., Burbank 
A 100 kW METAL WIND TURBINE BLADEBASIC DATA. 
LOADS AND STRESS ANALYSIS Final Report 

A. W Cherritt and J, A GBidetis Jun, 1975 241 p ref 
(Contract NAS3-19235) 

(NASA^CH- 134956: LR-271S3) Avail- NTIS 

HC Att/MF A01 CSCL 13M 

A rotor loads computer program was used to define the 
steady state and cyclic loads acting on 60 ft long metal blade* 
designed for the ERDA/NASA 100 kW wind turbine. Blade load 
and stress analysis used to support the structural design are 
presented. For the loading conditions examined, the metal blades 
are structurally adequate for use. within the normal operating 
range, as part of the wind turbine system. Author 


rate datB compared reasonably well with published single-mode 
data, and measured crack displacements agreed with the straight 
and branched crack analyses Values of critical strain energy 
release rate at fracture for pure shear were approximately 50% 
higher than for pure normal opening, and there was a largo 
reduction in normal stress intensity at fracture in the presence 
of high shear stress intensity. Net section stressos were well 
into the inelastic range when fracture occurred under high shear 
on tha cracks. Au|hor 


A77-17064 * U p,oof test criteria for thin walled pressure 
vessels, R. W. Finger (Boeing Aerospace Co., Seattle. Wash. I 
Sagamore Army Materials Research Conference, Raquette Lake. 
N.Y.. Sept. 9, 1976, Paper. 40 p. 6 refs. Contract No. NAS3-18906. 

Proof tesls were conducted on surface-flaw pressure-vessel 
specimens of 22I9-T87 aluminum base metal and weld metal at three 
different temperatures: 72, -320. and -423 F, and for three different 
metal sheet thicknesses: 0.125. 0.250, and 0.375 in. It was found 
that significant stable crack growth under increasing load can occur 
prior to failure. Initial flaw shapes and material conditions have a 
significant effect on the extent of crock giovvth. Stable crack growth 
initiates at a lower K sub li/K sub cr ratio and is more severe in weld 
metal specimens than in base metal specimens. Low aspect ratio 
flaws experience more growth in the depthwise direction than hrghei 
aspect ratio flaws. Proof testing assures that any first cycle failure 
will be by leakage, not by catastrophic failure. B.J. 


A77-29856 * Low-cycle fatigue analysis of the turbine disk 

for the National Aeronautics and Space Administration high- 
temperature turbine rig. S. Tupper (AiResearch Manufacturing 
Company of California, Torrance. Calif.). In: Thermal fatigue of 
materials and components: Proceedings ot the Symposium, New 
Orleans, La„ November 17, 18. 1975, (A77- 29852 12-26) Phila 
delphia. Pa., American Society for Testing and Materials, 1976, p. 
38-54, 9 refs. Contract No. NAS3-17736 


N77-21468*# Lockheed California Co . Burbank. 

A 100 kW WIND TURBINE BLADE DYNAMICS ANALYSIS. 
WEIGHT-BALANCE, AND STRUCTURAL TEST RESULTS 

Final Report 

W D Anderson Jun. 1975 102 p refs 
(Contract NASS- 19235) 

INASA-CR- 134957; Lfi-272301 Avail NTIS 

HC A06/MF A01 CSCL 13M 

The results of dynamic analyses, weight and balance tests, 
static stiffnoss tests, and structural vibration tests on the 
60-foot-long metal blades for the ERDA-NASA 100-kW wind 
turbine are presented The metal blades ate shown to be free 
from structural or dynamic resonance at the wind turbine design 
speed Aeioelastic instabilities are unlikely to occur within the 
normal operating range of the wind turbine Author 


N7/-26576’# Martin Marietta Corp. Denver. Colo. 

CHARACTERIZATION OF CRACK GROWTH UNDER 
COMBINED LOADING Final Report. 6 Jun. 1974 - 15 Mar 
1977 

A Feldman. F, W Smith," and' t?, Holston, Jr Jun 1977 

246 p refs 

(Contract NAS3-17810) 

(NASA CR 135197; MCR-77-131) Avail NTIS 

HC A11/MF AO I CSCL 13M 

Room -temperature static and cyclic tests were mode on 21 
aluminum plates in the shape of a 91.4x91.4-cm Maltese cross 
with 45 deg flaws 10 devolop crack growth and fracture toughness 
data under mixed-mode conditions. During cyclic testing, tt was 
impossible to maintain a high proportion of shear-mode deforma- 
tion on the crack tips. Cracks either branched or turned Under 
static loading, cracks remained straight if shear stress intensity 
exceeded normal stress intensity. Mixed-mode crack growth 
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42 GEOSCIENCES {GENERAL) 


N77-30621*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio. 

TERRESTRIAL PHOTOVOLTAIC MEASUREMENTS, 2 
1976 393 p rets Workshop held at Baton Rouge. La.. 

10-12 Nov. 1976; sponsored by NASA and EROA 
(NASA-CP-2010; ERDA/NASA-10Z2-76/10) Avail: NTIS 
HC A17/NIF A01 CSCL 10A 

The following major topics are discussed; (1) Terrestrial solar 
irradiance; (2) Solar simulation and reference cell calibration; 
and 131 Cell and array measurement procedures. Numerous related 
subtopics are also discussed within each major topic area. For 
individual titles, see N77-30522 through N77-30B44. 


N77-30S25*# National Aeronautics and Space Administration. 
Lewis Research Canter. Cleveland. Ohio. 

TEST FACILITY FOR SOLAR-CELL REFERENCE CONDI- 
TIONS C 44 

Thomas M. Klucher In its Terrest. Photovoltaic Meas., 2 1976 
p 67-78 refs Previously announced as N77-26618 |For primary 
document see N77-30E' 21-42) 

Avail: NTIS HC A17/IV>, -nOt CSCL 10A 
For abstract, see N77-26618ion page 136, 


N77-3052T*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

THE EFFECT OF ATMOSPHERIC PARAMETERS ON 
SILICON CELL PERFORMANCE c44 

Henry' B Curtis In its Terrest. Photovoltaic Meas.. 2 1976 p 
93-108 refs Previously announced as N77-26619 (For primary 
document see N77-30521 21-42) 

Avail; NTIS HC A17/MF A01 CSCL 10A 
For abstract, see N77-26619 onpage 136. 


N77-30629*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

ERRORS IN SHORT CIRCUIT CURRENT MEASUREMENTS 
OUE TO SPECTRAL MISMATCH BETWEEN SUNLIGHT AND 
SOLAR SIMULATORS c33 

Henry B. Curtis In its Terrest. Photovoltaic Meas.. 2 1976 

p 161-182 ref Previously announced as N77-26620 (For primary 
document see N77-30B21 21-42) 

Avail; NTIS HC A17/MF A01 CSCL 10A 
For abstract, see N77-26620 onpage 136. 


N77-30S31*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

CONSIDERATION OF DESIGN AND CALIBRATION OF 
TERRESTRIAL REFERENCE SOLAR CELLS c44 

V. G. Weizer In trs Terrest Photovoltaic Meas. 2 1976 

p 203-222 refs Previously announced as N77-26621 (For 
primary document see N77-30521 21-42) 

Avail: NTIS HC A17/MF A01 CSCL 10A 
For abstract, see N77 -26621 on page 1 36. 


N77-30633*rff National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

SOME BASIC CONSIDERATIONS OF MEASUREMENTS 
INVOLVING COLLIMATED DIRECT SUNUGHT c92 

An-Ti Chai In its Terrest. Photovoltaic Meas.. 2 1976 p 233-246 
refs Previously announced as N77-26622 (For primary document 
see N77-30521 21-42) 

Avail: NTIS HCA17/MFA01 CSCL 03B 
For abstract, see N77-26622 onpage 136. 


N77-3063*’# National Aeronautics and Spars Administration, 
Lewis Research Center. Cleveland. Ohio, 

SENSITIVITY OF SOLAR CELL PERFORMANCE TO 
ATMOSPHERIC VARIABLES. 1: SINGLE CELL c44 

Thomas M. Klucher In its Terrest. Photovoltaic Meas.. 2 1976 
p 247-258 refs Previously announced as N77-26623 (For 
primary document see N77-30521 21-42) 

Avail NTIS HC A17/MF A01 CSCL 10A 
For abstract, see N77-26623 onpage 136. 


N77-30S3S*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

SENSITIVITY OF SOLAR-CELL PERFORMANCE TO ATMOS- 
PHERIC VARIABLES . 2; DISSIMILAR CELLS AT SEVERAL 
LOCATIONS 

Thomas M. Klucher and Russell E Hart In its Terrest. Photovoltaic 
Meas.. 2 1976 p 259-270 refs Previously announced as 

N77-26624 (For primary document see N77-30521 21-42) 
Avail: NTIS HC A17/MF A01 CSCL 10A 
For abstract, see N77-26624 on page 137. 


N77-3063B*| National Aeronautics and Space Administration. 
Le vis Research Center. Cleveland, Ohio. 

INTRODUCTION TO BASIC SOLAR CELL MEASURE- 
MENTS c 44 

Her ry W. Brandhorst. Jr. In its Terrest Photovoltaic Meas.. 2 
1976 p 275-300 refs Previously announced as N77-26625 
(For primary document see N77-30521 21-42) 

Avail: NTIS HC A17/MF A01 CSCL 10A 
For abstract, see N77-26625 onpage 137. 


N77-30538*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio. 

INDOOR AND OUTDOOR MEASUREMENTS OF PERFORM- 
ANCE OF PHOTOVOLTAIC ARRAYS c44 

Henry B. Curtis In its Terrest. Photovoltaic Mess,, 2 1976 

p 309-322 refs Previously announced as N77-26626 (For 
primary document see N77-30521 21-42) 

Avail; NTIS HC A17/MF A01 CSCL 10A 
For abstract, see N77-26626 on page 137. 


43 EARTH RESOURCES 

Includes remote (anting of earth resource* by aircraft 
and spacecraft, programmetry. and aerial photography. 

For instrumentation tee 35 Initrumantatlon and 
Photography 


N7?-16415*ijf National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

UTILITY OF A SCANNING DENSITOMETER IN ANALYZING 
REMOTELY SENSED IMAGERY 

Joyce T Dooley Dec 1976 21 p refs 

INASA TM X 73533 £-89661 Avail NTIS HC A02/MF AOl 

CSCL 068 

The utility of a scanning densitometer for analysing imagery 
in the NASA Lewis Research Center’s regional remote taming 
program wos evaluated Uses studied include 111 quick-look 
screening of imagery by means of density slicing , magnification, 
color coding and edge enhancement; (2) preliminary category 
classification of both Idw- and high-resolution data bases; and 
Oi quantitative meaauremenl of the extent of features within 
selected areas The densitometer was capable of providing fast, 
convenient, and relatively inexpensive preliminary analysis of aerial 
and satellite photography and scanner Imagery involving land 
cover, water quality, strip mining, and energy conservation 

Author 


N77-21B18*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
APPLICATION OF REMOTE THERMAL SCANNING TO THE 
NASA ENERGY CONSERVATION PROGRAM 

Robert L Bowman and John R. Jack Jan 1977 25 p refs 
Original contains color illustrations 

INASA-TM-X-73670; E 90171 Avail: NTIS HC A02/MF A01 
CSCL 08B 

Airborne thermal scans of all NASA centers ware made 
during 1976 and 1976 The remotely sensed data were used to 
identify a variety of heat losses, including those from building 
roofs and central heating system distribution lines Ttiurmal 
imageiy from several NASA centers is presented to demon- 
strate the capability of detecting these heat losses remotely 
Many heat loss areas located by the scan data were verified by 
ground surveys At this point, at least for such energy-intensive 
areas, thermal scanning is an excellent means of detecting many 
possible energy losses Author 


N77-26577*|jl Stanford Research Inst , Menlo Pork. Calif 
MICROWAVE PROPERTIES OF ICE FROM THE GREAT 
LAKES Final Raport 

R S Vickers Jan 1975 36 p refs 
(Contract NAS3- 19092, SRI Pro), 3571) 

(NASA- CR- 135222) Avail. NTIS HC A03/MF AOl CSCL 
OBL 

The increasing use of radar systems as remote sensors of 
ice thickness has revealed a lack of basic data on the mi- 
crowave properties of fresh-water ice. A program, in which the 
complex dielectric constant was measured for a series of ice 
samples taken from the Great Lakes, is described The meBsure- 
monts were taken at temperatures of -6, -10, and -15 C It is 
noted that the ice has considerable internal layered structure, 
and the effects of the layering are oxamired Volues of 3.0 to 
3 2 are reported for the roal part of the dielectric constant, with 
an error bar of t or • 0 01 Author 
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44 ENERGY PRODUCTION AND 
CONVERSION 

Includes specific energy conversion systems, e g . fuel 
cells and batteries, global sources of energy, fossil fuels, 
geophysical conversion: hydroelectric power, and wind 
power 

For reltled information see also 07 Aircraft Propulsion 
and Power, 20 Spacecraft Propulsion and Power. 28 
Propellants and Fuels, and 85 Urban Technology and 
Transportation 


N77-10B40*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

EARLY OPERATION EXPERIENCE ON THE EROA/NABA 
100 kW WIND TURBINE 

John C Glasgow and Bradford S Lmscott Sep 1976 26 p 
refs 

(NASA-TM-X -71601: E-8078) Avail: NTIS HC A02/MF A01 
CSCL 10A 

As part of the Energy Research and Development Administra- 
tion IERPA) wind energy program, NASA Lewis Research Canter 
is testing an experimental 100-kW wind turbine. Rotor blade 
and drive shaft loads and lower deflection were measured during 
operation of the wind turbine at rated rpm The blade loads 
measured are higher than anticipated Preliminary results indicate 
that air flow blockage by the tower structure probably caused 
the high rotor blade bending moments Author 


N77-10641*# National Aeronautics and Sp8ce Administration 
Lewis Research Center. Cleveland, Ohio. 

SERIES-PARALLEL METHOD OP DIRECT SOLAR ARRAY 
REGULATION 

S. T Gooder Sep. 1976 16 p refs 

(NASA-TM-X-73505: E-8906) Avail NTIS HC A02/MF A01 
CSCL 10A 

A 40 watt experimental solar array was directly regulated 
by shorting out appropriate combinations of series and parallel 
segments of a solar array Regulation switches were employed 
to control the anay at various sot-point voltages between 25 
and 40 volts Regulation to within + or - 0.5 volt was obtained 
over a range of solar array temperatuies and illumination levels 
as an active load was varied from open circuit to maximum 
available power. A fourfold reduction in regulation switch power 
dissipation was achieved with series-parallel regulation as 
compared to the usual series-only switching for direct solar array 
regulation. Author 


N77-10M2*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

A SUMMARY OF THE ECAS MHD POWER PLANT 
RESULTS 

George R. Soikel and L P Harris IGE Co.. Schenectady, N. Y.) 
1976 24 p refs Presented at the 3d U5-USSR Colloq. on 

Magnetohydrodyn.. Moscow, 21-22 Oct. 1976 
(NASA-TM-X-73491 , E-8864f Avail: NTIS HC A02/MF A01 
CSCL 10B 

The performance and the cost of electricity ICOE) for MHO 
systems utilizing coal or coal derived fuels are summarized along 
with a conceptual open cycle MHD plant design The results 
show that open cycle coal fired recuperatively preheated MHD 
systems have potentially one of the highest coal-pile-to-bus bar 
efficiencies (48.3%) and also one of the lowest COE of the 
systems studied Closed cycle. Inert gas systems do not appear 
to hava the potential of exceeding the efficiency of or competing 
with the COF of advanced steam plants Author 


N77-10B48*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio. 

SOLAR CELL SHINGLE Patent Application 
Americo F Forestlen. Anthony F. Ratajczak, and Leroy G Sidorak. 
Inventors (to NASA) Filed 24 Aug. 1976 lip 
I NASA-Case- LEW- 12587-1. US-Patent-Appl-SN-7 1 7319) Avail 
NTIS HC A^Z/MF A01 CSCL 10A 

A s ,ier cell shingle mBy be made of an array of solar cells 
on a lower portion of a substantially rectangular shinglo substrate 
made of fiberglass cloth of the like. Tho solar cells may be 
encapsulated in fluorinateo ethylene propylene or some other 
weatherproof translucent or transparent encapsulant to form a 
combined electrical module and a roof shingle The interconnected 
solar ceils are connected to connectors at tho edge of the substrate 
through a connection to a common electrical bus or busses An 
overlap area is arranged to receive the overlap of a cooperating 
similar shingle so that thB cell poriion of the cooperating shingle 
may overlie the overlap area of tho roof shingle Accordingly 
the same shingle serves thB double function of an ordinary roof 
shingle which may be applied in the usual way and an array of 
cooperating solar cells from which electrical energy may be 
collected NASA 


N77-11529*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio 

OPTIMIZED SELECTIVE COATINGS FOR SOLAR COLLEC- 
TORS 

G McDonald and Henry B Curtis Jun. 1967 12 p refs 

Presented at tho Am. Electroplators Soc, Denver. 29 Jun. 
1976 

(NASA-TM-X-73498, E-8896) Avail; NTIS HC A02/MF A01 
CSCL 10A 

The spectral reflectance properties of black nickel electroplated 
over stainless steel and of black copper produced by oxidation 
of copper sheet were measured for various plating times of 
black nickel and far various lengths of time of oxidation of the 
copper sheet, and compared to black chrome over nickel and to 
converted zinc. It was determined that there was an optimum 
time for both plating of black nickel and far the oxidation of 
copper black. At this time the solar selective properties show 
high absorptance in the solar spectrum and low ermttance in 
the infrared The conditions ate compared for production of 
optimum optical properties fot black nickel, black copper, black 
chrome, and two black zinc conversions which at the same 
conditions had absorptances of 0 84, 0 90, 0 96 0 84. and 0 92. 
respectively, and omittances of 0 18. 0 08. 0 09. 0 10. and 0 08, 
respectively Author 


N77-1 1830*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

EVALUATION OF FLAT-PLATE COLLECTOR EFFICIENCY 
UNDER CONTROLLED CONDITIONS IN A SOLAR SIMULA- 
TOR 

Susan M. Johnson and Frederick Simon 1976 19 p refs 

Presented at the Intern Solar Energy Soc Conf. Winnipeg. 
Canada, 15-20 Aug 1976 

(NASA-TM-X-73520: E-89321 Avail NTIS HC A02/MF A01 
CSCL 10A 

The measured thermal efficiencies of 35 collectors tested 
with a solar simulator, along with the correlation equations used 
to generalize the data, are presented The single correlation used 
is shown to apply to all the different typos of collectors tested, 
including one with black paint and one cover, one with a selective 
surface coating and two covers, and an evacuatcd-tube collector 
The test and correlation technique is also modified by using a 
shield so that collectors larger than the simulator test area can 
also be tested This technique was verified experimentally for a 
shielded collector for which the collector shielded area was 31% 
of the solar simulator radiation area A table lists all the collectors 
tested, the collector areas, and the experimental constants used 
to correlate the data for each collector Author 
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N77-12517*# National Aeronautics and Space Administration. 
Lewis Research Canter, Cleveland, Ohio. 

SPACE-TO-EA8TH POWER TRANSMISSION SYSTEM 
Gradv H Stevens and Richard Schuh Nov. 1976 143 p refs 
(NASA TM X 73489; E 8885) Avail: NTIS HC A07/MF AOI 
CSCL 10A 

A preliminary analysis was conducted to establish the 
requirements of o space to-earth microwave power transmission 
system The need for accurate phase control on the transmitter 
was established and methods for assessing the impact of power 
density and thermal constraints on system performance were 
demonstrated Potential radio frequency interference was 
considered The sensitivity of transmission system scale to 
variations in power source, transportation and orbital fabrication 
and assembly costs was also determined. Author 


N77-1261S*# National Aeronautics and Space Administration, 
lewis Research Center. Cleveland, Ohio 


!1^, 8 H! , . F :£» PE,,F0RMANCC OF A 3 TON UBr ABSORB- 

AND ITS effect on cooling 

SYSTEM OPERATION 


David Namkoong 1976 10 p 'resented at the Intern. Solar 
Energy Mealing. Winnipeg, Can.. 15-20 Aug. ?976 
{ N ASA - TM -X*73496; £-8894} Avail: NTIS HC A02/MF AOI 

PQPI 1AA ‘ 


A three ton lithium bromide absorption water chiller was 
tested for a number of conditions involving hot water input, 
chilled waier. and the cooling water The primary influences on 
chiller capacity were the hot watt. Inlet temporature and the 
cooling water inlet temporature. One combination of thesa two 


parameters extended the output to as much as 126% of design 
capacity, but no combination could lower the capacity to below 
60% of design. A cooling system was conceptually designed so 
that it could provide several modes ol operation. Such flexibility 
is needed for any solar cooling system to be able to accommodate 
the varying solar energy collection and the varying building 
demand It was concluded that a . three-ton absorption water 
chiller with the kind of performance that was measured can be 
incorporated into a cooling system such as that proposed, to 
provide efficient cooling over the specified ranges of operating 
conditions. Author 


N77-12B21*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

TEMPERATURE DISTRIBUTION OF A HOT WATER 
STORAGE TANK IN A SIMULATED SOLAR HEATING AND 
COOUNG SYSTEM 

David Namkoong Nov. 1976 17 p refs 
( N A S A-TM -X-73 549; E-89B6) Avail: NTIS HC AOZ/MF AOI 
CSCL 10A 

A 2,300-liter hot water storage tank was studied under 
conditions simulating a solar heating and cooling system. The 
initial condition ol the tank, ranging from 37 C at the bottom 
to 94 C at the top, represented a condition midway through 
the start-up period of the system During the five-day test period, 
the water in the tank gradually rose in temperature but in a 
manner that diminished its temperature stratification. Stratification 
was found not to be an important factor in the operation of the 
particular solar system studied Author 


N77-12622*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio. 

THE REDOX FLOW SYSTEM FOR SOLAR PHOTOVOLTAIC 
ENERGY STORAGE 

Patricia ODonneli and Randall F. Gahn 1P76 9 p refs Presented 
at the Twelfth Photovoltaic Specialists Pont, sponsored by the 
Inst, of Elec, and Electron Eng.. Baton Rouge. La.. IS- 18 Nov 
1976 

(NASA-TM-X-735G2: E-9006) Avail: NTIS HC A02/MF AOI 
CSCL 10A 

A new method of storage was applied to a sofar photovoltaic 
system. The storage method is a redox flow system which utilizes 
the oxidation-reduction capability of two soluble electrochemical 
redox couples tor its storage capacity. The particular variant 
described separates the charging and discharging function of 
the system such that the electrochemical couples are simultan- 
eously charged and discharged in separate parts of the system. 
Tho solar array had 12 solar cells, wired in order to give a 
range of voltages and currents The system stored the solar 
energy so that a load could be run continually day and night. 
The main advantages of the redox system ore that it can 
accept a charge in the low voltage range and produce a relatively 
constant output regardless of solar activity. Author 


N77-12519*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

STATUS OF SILICON SOLAR CELL TECHNOLOGY 
Henry W, Brandhorst, Jr. 1976 17 p refs Presented at tile 
2d Intern. Conf. on Solid Slate Devices. Tokyo. 1-3 Sep. 1976; 
Sponsored by Japan. Soc. of Appl. Phys. 

(NASA-TM-X-73631. E-8966) Avail; NTIS HC A02/MF AOI 
CSCL 10A 

Major progress In solar cell technology leading to increased 
efficiency has occurred since 1970. Technical approaches leading 
to this Increased output include surface texturing, improved 
antlreflection coatings, reduced grid pattern area coverage, shallow 
junctions and back surface fields. The status of these develop- 
ments and their incorporation into cell production is discussed. 
Future research and technology trends leading to further efficiency 
increases and substantial cost reductions are described. Author 


•*•77-12520*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

OUTDOOR PERFORMANCE RESULTS FOR NBS ROUND 

ROBIN COLLECTOR NO. 1 

Dean R. Miller Nov. 1976 10 p refs 

(NASA-TM-X-73547; E-8983) Avail: NTIS HC A02/MF AOI 

CSCL 10A ' 

The efficiency of a PPG fiat-piate solar collector was evaluated 
utilizing an outdoor solar collector test facility at the NASA-Lewis 
Research Center, as part of the National Bureau of Standards 
'round robin' collector test program. The correlation equation for 
collector thermal efficiency Eta curve fit of the data was: Eta = 
0.666 - 1 003(Btu/hr-sq ft-F) Theta, where the parameter Theta 
is the difference between the average fluid temperature end the 
ambient temperature, all divided by the total flux impinging on 
the collector. Author 


N77-12523*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

ANALYSIS OF EPITAXIAL DRIFT FIELO N ON P SILICON 
SOLAR CELLS 

Cosmo R. Baraona and Henry W. Brandhorst. Jr, 1976 10 p 
Presented at the Twelfth Photovoltaic Specialists Conf. sponsored 
by the Inst of Elec, and Electron Eng., Baton Rouae, La 
15-18 Nov 1976 

(NASA-TM-X-73563; E-90071 Avail; NTIS HC A02/MF AOI 
CSCL 10A 

The performance of epitaxial drift field silicon solar cell 
structures having a variety of impurity profiles was calculated. 
These structures consist of a uniformly doped P-type substrate 
layer, and a P-type epitaxial drift field layer with a variety of 
field strengths Several N-layer structures were modeled. A four 
layer solar cell model was used to calculate efficiency, open 
circuit voltage and short circuit currant The effect on performance 
of layer thickness, doping level, and diffusion length was 
determined. The results show that peak initial efficiency of 18.1% 
occurs for a drift field thickness of about 30 micron with the 
doping rising from 10 to the 17th power atoms/cu cm at the 
edge of tho depletion region to 10 to the 18th power atoms/ 
cu cm in tho substrate. Stronger drift fields (narrow field regions) 
allowed very high performance (17% efficiency) even after 
irradiation to 3x10 to the 14th power 1 MoV electrons/sq cm. 

Author 


N77-13634*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

WIND TUNNEL MEASUREMENTS OF THE TOWER SHAO- 
OW ON MODELS OF THE EROA/NASA 100 KW WIND 
TURBINE TOWER 
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JMiph M Savino ind Lee H. Winner Nov 1976 37 p 
(NASA-TM-X-73E48; E-8984) Avail NTIS HC A03/MF A01 
CSCL 10B 

Datailad wind speed profile measurements ware made in 
the wake of 1 /25 scale and 1/48 scale tower models to determine 
the maflnitude of tha speed reduction (the tower shadow). The 
1/26 scale towar modeled closely tha actual wind turbine including 
the service stairway and the equipment elevator rails on one 
face. The 1/48 scale model was made of all tubular members. 
Measurements were made on the 1/25 scale model with and 
without the stairway and elevator rails, and on the 1/48 all 
tube model without stairs and rails. The test results show that 
the stairs and rails were c major source of wind flow blockage. 
The all tubular 1/48 scale tower was found to offer less resistance 
to the wind than the 1/26 scale model that contained a large 
number of square sections. Shadow photos are included to show 
the estant of tha blockage offered to the wind from various 
directions. Author 


N77-13B3S*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

STANDARDIZED PERFORMANCE TESTS OF COLLECTORS 
ENE " QV ' * E CAT- PLATE COPPER 
COLLECTOR WITH PARALLEL MYLAR STRIPING 

Suasn M. Johnson Nov. 1976 8 p ref 
(NASA-TM-X-73553. E-8991) Avail: NTIS HC A02/MF A01 
CSCL 10A 


Basic test results are reported for a flat plate solar collector 
whose performance was determined in a solar simulator. The 
collector was tasted over ranges of inlet temperatures, fluxes 
and on® coolant flow rat®, Collector efficiency is correlated in 
terms of inlet temperature and flu* level. Author 


N77-1383S*# National Aeronautics and Spice Administration. 
Lewis Research Center. Cleveland. Ohio. 


PE * F0 *MANC£ TESTS OF COLLECTORS 
OF SOLAR THERMAL ENERGY: AN EVACUATED FLAT- 
COFFE " COLLECTOR WITH A SERPENTINE FLOW 
DISTRIBUTION 


Susan M. Johnson Nov. 1976 8 p raf 
(NASA-TM-X-73415: E-9001) Avail: NTIS HC A02/MF A01 
CSCL 10A 


Basic test results are given for a flat plate solar collector 
whose performance was determined in the NASA-Lewis solar 
simulator. The collector was tested over ranges of Inlet tempera- 
tures, fluxes and one coolant flow rata. Collector efficiency is 
correlated in terms of inlet temperature and flux lava!. Author 


N77-13B37*| National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

T “” *"° 

J. N. Deyo. H. W. Brandhorst, Jr., and A, F. Forestieri 18 Nov. 
1976 10 p Presented to the 12th Photovoltaic Specialists 

Conf., 15-18 Nov. 1976; sponsored by the Inst, of Electrical 
and Electronic Engineers 

(NASA-TM-X-73567) Avail: NTIS HC A02/MF A01 CSCL 
10A 


The Tests and Applications Project of the ERDA Photovoltaic 
Program is concerned with the tasting of photovoltaic systems 
and tha growth of their use in real terrestrial applications. This 
activity is an important complement to the development of low 
cost solar arrays by providing requiramsnts based on application 
needs end stimulating markets to create demand to absorb 
increasing production capacity. A photovoltaic system test facility 
is now operational, market stimulation has been initiated through 
applications, and standards for terrestrial cell measurements 
established Au , hor 


N77-13538*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

AN EXPERIMENTAL INVESTIGATION WITH ARTIFICIAL 
SUNLIGHT OF A SOLAR HOT-WATER HEATER 

Frederick F. Simon 20 Aug. 1976 20 p refs Presented at 
the Joint Conf. of the Intern. Solar Energy Soc and the Solar 
Energy Soc of Can . Winnipeg. Can . 15-20 Aug 1976 
(NASA-TM-X-73634. E-89S9) Avail: NTIS HC A02/MF A01 
CSCL 10A 

Thermal performance measurements were made of a 
commercial solar hot water heater in a solar simulator to determine 
basic performance characteristics of a traditional typo of Hut 
plate collector, with and without side reflectors (to increase ihe 
strfar flux) Information on each of tha following was obtained. 
11) the effect of flow end incidence angle on the efficiency of a 
flat plate collector (but only without side reflectors). (2) transient 
performance under flow and nonflow conditions. (3) the 
effectiveness of reflectors to increase collector efficiency for a 
:ero radiation angle at fluid temperatures required for solar air 
conditioning, and (4) the limits of applicability of a collector 
efficiency correlation based on the Hottel Whillior aquation. 

Author 


N77- 14580* National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio 

SILICON NITRIDE COATED. PLASTIC COVERED SOLAR 
CELL Patent 

Jacob D Broder. inventor |to NASA) Issued 7 Doc 1976 4 a 
Filed 30 Doc. 1975 Supersedes N76-14613 (14 . 05 
p 06041 

(NASA-Case-LEW -1 1496-1, US-Patent*3.996.067 
US-Patent-Appl-SN 645508: US-Patont-Class-136 B9 
US-Patent-Class-204-192) Avail: US Palont Office CSCl 

10A 

A non-oxide anti-reflective coating was used with a transpar 
ent plastic cover of fluonnated ethylene propylene copolymer on 
a silicon solar cell to increase the resistance to damage causer! 
by electron bombardment 

Official Gazette of the U S Patent Office 


N77-14581* National Aeronautics and Space Administration 
Lewis Rosoarch Center. Cleveland. Ohio. 

ELECTRICALLY RECHARGEABLE REDOX FLOW CELL 
Patent 

Lawrence H Thaller, inventor (to NASAI Issued 7 Dec 1976 
6 p Filed 22 Aug. 1975 Supersedes N75-32586 (13 23 

p 29381 

(NASA-Caso-LEW- 12220-1. US-Patont-3, 996,064. 
US-Patent-Appl-SN-606891; US-Patont-aass-320-2. 
US-Patont-Class-429-23, US-Patent-Cfass-429-34) Avail US 
Patent Office CSCL IOC 

A bulk energy storage system is designed with an electrically 
rechargeable reduction-oxidation (REDOX) ceil divided mto two 
compartments by a membrane, each compartment containing 
an electrode. An anode fluid is directed through the first 
compartment at the same time that a cathode fluid is directed 
through tne second compartment. Means are provided f«y 
circulatin' tha anode and cathode fluids, and the electrodes are 
connected to an intermittent or non-continuous electrical source 
which whan operating, supplies current to a load as well as to 
the cell c recharge it. Ancillary circuitry is provided for 
disconnecting the intermittent source irom the cell at prescribed 
timos and for circulating the anode and cathode fluids according 
to desired parameters and conditions 

Official Gazette of the U S Patent Office 


N77- 14585*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
NEW SEPARATORS FOR NICKEL-21 NC BATTERIES 
Dean W. Sheibley Washington Dec 1976 20 p rels 
(NASA-TM X-3466. E-8915) Avail: NTIS HC A02/MF A01 
CSCL IOC 

Flexible separators consisting of a substrate coated with a 
mixture of a polymer and organic and inorganic additives were 
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cycle tested m nickal-zine cells. By substituting a rubber-based 
resin for polyphenylene oxide in the standard inorganic-organic 
separator, major improvements in both cell life and flexibility 
were made Substituting newsprint for asbestos as the substrate 
shows promise for use on the zinc electrode and reduces separator 
cost The importance of ample electrolyte in the cells was noted. 
Cycle lives and the characteristics of these flexible, low-cost 
separators were compared with those of a standard microporous 
polypropylene separator. Author 


National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio. 

PERFORMANCE CORRELATIONS OF FIVE SOLAR COLLEC- 
TORS TESTED SIMULTANEOUSLY OUTDOORS 

Dr*sn R. Miller 7976 26 p Presented at the Joint Conf. of 
the Intern. Solar Energy Soc and the Solar Energy Soc of Canada. 
Winnipeg, Canada. 16-20 Aug. 1976 

(NASA-TM-X-73546; E-8982) Avail, NTIS HC A03/MF A01 
CSCl 10A 

Collector thermal efflciancy. and efficiency degradation with 
time were measured for S flat-plate solar collectors tested 
Simultaneously in an outdoor solar collector test facility Results 
indicate that by using collector performance parameters which 
account for diffuse isolation, outdoor data recorded on cloud 
days can be used as a measure of performance, as long as the 
ratio of direct to total insolation exceeds approximately 0 6 
These outdoor results also show good agreement with thermal 
efficiency data obtained indoors in a solar simulator. Significant 
efficiency degradation occurred on only one of the five collectors 
exposed to outdoor conditions for a period of one to two years 

Author 


N77-1S490*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio. 

ENCAPSULATED SOLAR CELL MODULES Petenl Applica- 
tion 

Evelyn Anagnostou and America F Forestisri. inventors (to NASA) 
Filed 30 Nov 1976 9 p 

(NASA-Casu-LEW-12185-t: US- Patent -Appl-SN-746269) Avail 
NTIS HC A02/MF A01 CSCL 10A 

A procedure is described in which the electrical connections 
to solar cells in a module are made at the same time the cells 
are encapsulated for protection The encapsulating material is 
embossed to facilitate the positioning of the cells during 
assembly NASA 


N77-16445*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio. 

VELOCITY A NO TEMPERATURE DISTRIBUTIONS OF 
COAL-SLAG LAYERS ON MAGNETON YDROOYNAMIC 
GENERATORS WALLS 

Carlson C P. Pian and J. Marlin Smith Jan 1977 19 p refs 
(NASA-TN-O-8396; E-8929) Avail NTIS HC A02/MF A01 
CSCL 10B 

Approximate analytical expressions are derived for the velocity 
and temperature distributions in steady state coal slag deposits 
flowing over MHD generator walls Effects of slag condensation 
and Joule heating are included in the analysis The transport 
conditions and the slag temperature at the slag-gas interface 
are taken to be known parameters in the formulation They are 
assumed to have been predetermined either experimentally or 
from the slag properties and the gas dynamic calculations of 
the free stream flow. The analysis assumes a power law velocity 
profile for the slag and accounts for the coupling between the 
energy and momentum conservation equations. Comparisons are 
mede with the more exact numerical solutions to verify the 
accuracy of the results. Author 


N77-t7663*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 

INSPECTION OF TWO BRAYTON ROTATING UNITS AFTER 
EXTENSIVE ENDURANCE TESTING 

James H Dunn Dec 1976 25 p refs 
(NASA-TM-X-73569: £-90131 Avail NTIS HC A02/MF A01 
CSCL 10B 

A system was designed to produce 2-10 kW net continuous 
electric power for at least 5 years. The turbine-alternator- 
compressor power conversion unit in the system is designated 
Btayton Rotating Unit IBRU) Four BRU's were fabricated end 
extensively tested One BRU has accumulated 1 1 .000 hours of 
operation, and another has accumulated in excess of 21,000 
hours Testing has demonstrated that the BRU's have met or 
exceeded performance objectives Two BRU s were disassembled 
and given a thorough post-test inspection The Inspection results 
show that aftor 21.000 hours of operation there is no apparent 
wear or failure mode that will prevent the attainment of the 
5-year life objecttvo Author 


N77-17564*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio. 

SOLAR CELL COLLECTOR AND METHOO FOR PRODUCING 
SAME Patent Application 

John C Evans, Jr . inventor (to NASA) Filed 22 Feb t977 

16 p 

(NASA-Case-LEW- 12552-1 US Patont-Appl-SN-776869) Avail: 
NTIS HC A02/MF A01 CSCL 10A 

A method is described which permits the formation of highly 
conductive metal channels m a continuous - pattern of any desired 
design within a transparent conductive mixed oxide layer which 
covers end protects on underlying photovoltaic substrate The 
result is a sufficient collector system for the current generated 
by incident photon radiation NASA 


N77-17666’# National Aeronautics and Space Administration. 
Lewis Reseaich Cantor. Cleveland. Ohio 
IMPROVED BACKWALL CELL Patent Application 
Henry W Brandhotst. Jr . inventor (to NASAI Filed 19 Jan 
1977 15 p 

(NASA-Case-LEW- 12236- 1, US Patent-Appl-SN-760771) Avail 
NTIS HC A02/MF AOl CSCL 10A 

A solar cell is described having a first material of one 
conductivity type with one face having the same conductivity 
type more heavily doped to form a field region to receive the 
radiant energy A layer of opposite conductivity type or a metallic 
layer forming a Schottky barrier is applied to the opposite face. 
A gridded contact pervious to tho radiant energy may bo applied 
to the region of the more heavily doped material for electrical 
contact The device allows separate control of the lunction. either 
the p-n junction or tho Schottky diode junction, end the efficient 
collection of light This efficiency is improved, because the high 
conductivity region has low sheet resistance, and a low surface 
recombination velocity with enhanced effective diffusion lengths 
in bulk NASA 


N77-18560*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

FORMULATEO PLASTIC SEPARATORS FOR SOLUBLE 
ELECTRODE CELLS Patent Application 

Dean W Shoibley, inventor (to NASAI Filed 10 Mar 1977 

22 p 

(NASA-Case-LEW- T235S-1 . US-Patent-Appl-SN-776146) Avail 
NTIS HCA02/MFA01 CSCL IOC 

A rubber ion transport sheeting material formulated with o 
without a flexible and porous substrate ts described for use as 
the membrane between the acrd compartments of a redox couple 
in a bulk electrical energy storage system Tire membrane exhibits 
minimal increases m resistivity with the passage of time and 
prevents the accumulation of unequal amounts of water between 
the two sides of the redox cell NASA 
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N77-1M71* Nation*! Aeronautic* and Spec* Administration 
Lewis Research Centar. Cleveland. Ohio 

SOLAR CELL ASSEMBLY Patent 

Henry W. Brandhorst. Jr. inventor Ito NASA) laaued 2 Nov 
197B 5 p Filed 30 Sep 1974 Supersede* N74-33484 (12 - 
23, p 27751 

(NASA-Case-LEW-1 1549-1: US-Patent 3.989.54’ 

U S- Patent-Appl-SN-5 1 067 7 ; US-Paienl-Ctass-136 89) Avail. 
US Patent Office CSCL 10A 

The solar cell assembly includes b solai celt having an overlay 
of a semi-transparent coating of a metal, such as aluminum or 
silver, which covert the entire suiface thereof The purpose of 
the coating is to lower the amount of incident radiation on the 
cell and thereby tower cell temperature The uae of the 
semi-transparent coating over the entire cell surface uniformly 
limits incident radiation and hence reduces call heal without 
any temperature gradients The coating also lowers series cell 
resistance The coating may be directly deposited on the call 
surface or on the undersurface of a cover plate bonded to the 
cell. Official Gazette of the U S Patent Office 


N77-1BFJBO*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

SYNCHRONIZATION OF THE ERDA-NASA 100 LAW WIND 
TURBINE GENERATOR WITH LARGE UTILITY NET- 
WORKS 

H H Hwang ttnd Leonard J Gilbert Jut 1977 17 p rats 

Presented *t -ire Control of Power Systems Conf .. College Station 
Tex . 14-16 Mar 1977, sponsored by IEEE 
(NASA TM-X-736 13: E 90961 Avail NTIS HC A02/MF AO' 
CSCL 10B 

The synchronizing at a wind turbine generator against an 
infinite bus under random conditions is studied With a digital 
computer, complete solutions for rotor speed, generator power 
angle, electromagnetic torque, wind turbine torque, wind turbine 
blade pitch angle, and armature current are obtained and piesented 
by graphs Author 


N77-20663*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

SUMMER PERFORMANCE RESULTS OBTAINED FROM 
SIMULTANEOUSLY TESTING TEN SOLAR COLLECTORS 
OUTDOORS 

Dean R Miller Feb 1977 27 p refs 

(NASA TM-X-73594, E-90661 Avail NTIS HC A03/MF AO! 

CSCL 10A 

Ten solar collectors were simultaneously tested outdoors 
Efficiency data were correlated using a method that separatos 
solar variables (flu*, incident angle! from the desired performance 
parameters lhaat loss, absoibtance transmittance! which aro 
unique to a given collector design Tests were conducted on 
both clear and moderately cloudy days. Correlating data in the 
above manner, a 2-glass black paint collector exhibited a decrease 
in efficiency of 5 percentage points rolative to the baseline data 
tor an exposure time of 2 years. 4 months Condensation on 
the collector glazing was thought to be a contributing factor in 
iht* efficiency change Author 


N77-21S48*! National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio. 

APPLICATION OF THE SEM TO THE MEASUREMENT OF 
SOLAR CELL PARAMETERS 

Victor G. Weizer and Charles W Andrews 1977 8 p refs 

Presented at 10th Ann Scanning Electron Microscopy Symp . 
Chicago. 28 Mar. - 1 Apr 1977. sponsored by If T 
(NASA-TM-X-73637. E-9138) Avail NTIS HC A02/MF A01 
CSCL 10A 

Techniques are described which make use of the SEM to 
measure the minonty carrier diffusion length and the metallurgical 
Junction depth in silicon solar cells The former technique permits 
the measurement of the true bulk diffusion length through the 
application of highly doped field Ibvois to the back surfaces of 
the cells being investigated It is shown that the secondary 
emission contrast observed in the SEM on a reverse-biased diode 


can depict the location of the metallurgical junction if the diode 
has been piepared with the proper beveled geometry The SEM 
provides the required contrast and the option of high magnification, 
parmiftmg the measurement of extremely shallow junction 
depth* Author 


N77-21549*iji National Aeronautics and Space Adminiittaiion 
Lewis Research Center. Oeveland. Ohio. 

RESULTS OF BASELINE TESTS OF THE EVA METRO 
SEDAN. CITI-CAR, JET INDUSTRIES ELECTRA-VAN. COA 
TOWN CAR, AND OTIS P-600 VAN 

Francis J Stenger. John M Sozek. and Richerd F Soltis Oct. 
1976 78 p 

(Contract E(49-2B)-1Qt1) 

(NASA-TM-X-73638. E-91401 Avail NTIS F:C A05/MF A01 
CSCL 10B 

Five electric vehicles were teste- at vehicle test tracks using 
the SAE The tests provide range dBta at steady speads and lor 
several driving cycles Most tests were conducted with lead-acid 
traction batteries The Otis Van and Jhe Copper Electric Town 
Car were also tested with lead-acid 'end nickel-zinc batteries. 
The tests showed a tang* increase of from 82 to 101 percent 
depending on vehicle, speyd, and teat cycle Author 


N77-21643*|t National Aeronautics and Space Administration 
Lewis Research Centor Cleveland. Ohio 

ENERGY STORAGE POSSIBILITIES OF ATOMIC HYDRO- 
GEN 

R D Ellers (Colorado State Umv Ft Collins). J V Ougan. Jr 
(Science and Tech Comm. Washington. 0 Cl. and R Palmei 
In Miami Umv First World Hydrogen Energy Conf Proc . 
Vol 3 Mar 1976 18 p rets (For primary document see 

N77-21626 12-441 
Avail NTIS HC A99 MF A01 


Several roccm experiments designed to produce and store 
macroscopic quantities of atomic hydrogen are discussed The 
bulk ground state properties of atomic hydrogen deuterium, and 
tritium systems are calculated assuming that all pair interactions 
occur via tlie atomic triplet putemia! The conditions required to 
obtain this system, including inhibition ol recombination through 
the energetically favorable singlet interaction, are discussed The 
internal energy pressure, and compressibility are calculated 
applying the Monte Carlo technique with a quantum mechanical 
variational wavefunction The system studied consisted of 
32 atoms in a box with periodic boundary conditions Results 
show that atomic triplet hydrogen and deuterium remain goseous 
at 0 K i e the internal energy is positive at all molar volumes 

Author 


N77-2260S* National Aeionautics and Space Administration 
Lewis Research Center Cleveland Ohio 

GELS AS BATTERY SEPARATORS FOR SOLUABLE 
ELECTRODE CELLS Patent 

Doan W Snoibley and Randall F Gahn inventors (to NASA) 
Issued 19 Apr 1977 6 p Filed 20 Jul 1976 Supersedes 

N76-2B643 (19 44 p 2478! 

(NASA Case LEW 12364 I US Patont-4.0 1 8,97 1 
US Patent-Appl-SN 707 1 24 US Patent Class-429- 105 
US Patent-Class 429- 107 US-Patent Class-429- 1 90. 

US- Patent-Class 253 317) Avail US Patent Office CSCL 
09C 

Gels aro formed from silica powders and hydrochloric acid 
The gals are then impregnated into a polymeric foam and the 
resultant sheet material is then used m applications where the 
transport of chloride ions is desired Specifically disclosed is the 
utilization of the shoot in electncally rechargeable redox flow 
cells which find application in bulk power storage systems 

Official Gazette of the U S Patent Office 
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N77-22W8*jjf National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 


PHOTOVOLTAIC SVSTEM TEST FACILITY ELECTROMAG 
NETIC INTERFERENCE MEASUREMENTS 

J A Johnson F P Herfce, Jr., and W D Knapp Apr 1977 
12 p ref 


(Contract E(49-26)-1022) 
(NASA-TM-X-73640: E-9142: 
Avail. NTIS HC A02/MF A01 


ER DA/ NASA 1022/77/1 II 
CSCL 10A 


Field strength measurements on a single nw of panels 
indicates that the operational mode of the array as configured 
presents no radiated EMI problems Only one relatively significant 
frequency band near 200 kHz showed any degree of intensity 
(9 muV/m including a background level of 5 rnuV/m) The level 
was measured very near the array tat 20 ft distance) while 
Federal Communications Commission (FCC) regulations limit 


readings S'b'obtaLed'e^af 35 ' Httant . 0 ,,Bld "Zt 


N77-22609*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

ERO A/LEWIS RESEARCH CENTER PHOTOVOLTAIC 
SYSTEMS TEST FACILITY 

A E Forestieri. J A Johnson W D Knapp, H. Rigo. J Stover 
and R Suhay Apr 1977 34 p 
(Contract EI49-26I- 1022) 

(NASA-TM-X-73641 . E-9147. ER DA/ NASA- 1 022/ 77/ 12) 
Avail NTIS HC A03/MF A01 CSCL IOA 

A national photovoltaic power systems test facility (of Initial 
10-kW peak power rating) is described. It consists of a solar 
array to generate electrical power, test-hardware for several 
alternate methods of power conversion, electrical energy storage 
systems, and an instrumentation and data acquisition system. 

Author 


N 77-22610*# Natrona] Aeronautics and Space Admcmst ation 
Lewis Research Center. Cleveland. Ohio 

REAL TIME OUTDOOR EXPOSURE TESTING OF SOLAR 
CELL MODULES AND COMPONENT MATERIALS 

Evelyn Anagnastou and America F Forestieri Apr 1977 13 p 
(Contract EJ49-26)- 1022) 

(NASA-TM-X-73655. ERDA/NASA-1022/77/10) Avail NTIS 
HC A02/MF A01 CSCL 10A 

Plastic samples, solar ceil modules, and sub-modules were 
exposed at test sites in Florida. Arizona. Puerto Rico, and 
Cleveland, Ohio, in order to determine materials suitable for use 
rn solar cell modules with a proposed 20-year lifetime Various 
environments ware encountered including subtropical, subtropical 
with a sea air atmosphere, desert, rain forest, normal urban, 
and urban-polluted The samples were exposed for periods up 
to six months. Materrais found not suitable were polyurethane, 
polyester. Kapton. Mylar, and UV-stabrlized Lexan Surlabfe 
materials were acrylic. FEP-A. and glass The results of exposure 
of polyvrnylidene fluoride were dependent on the specific 
formulation, but several types appear suitable. RTV siiicone rubber 
(clear) appears to pick up and hold dirt both as a free film and 
as a potting medium for modules. The results indicate that dirt 
accumulation and cleanaDihty are important factors in the 
selection of solar cell module covers and encapsulants Author 


N77-22616*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

METHOD FOR PRODUCING SOLAR ENERGY PANELS BY 
AUTOMATION Patent Application 

John C. Evans. Jr . inventor (to NASA) Filed 25 Apr 1977 
24 p 

(NASA-Case-LEW- 12541-1; US-Patent-Appl-SN-790637) Avail 
NTIS HC A02/MF A01 CSCL 10A 

The solar celt panel is fabricated by pbotoetching a pattern 
of collector grid systems wrth appropriate interconnection and 
bus bar tabs into a glass or plastic sheet and then filling these 
regions with a first, thin conductive metal film fallowed by a 
layer of a mixed metal oxide such as InAsO or EnSnO. A multiplicity 
of solar cells are bonded between the protective sheet at the 


sites of the collector grid systems and a backeiectrode substrate 
by conductive metal filled epoxy to complete the fabrication of 
an integrated solar panel NASA 


N77-23604*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

THE NASA THERMIONIC-CONVERSION (TEC-ART) 
PROGRAM 

James F Morns 1977 19 p rels Presented at Plasma Set 

Conf . Troy. N Y 23-25 May 1&77 sponsored by IEEE 
(NASA-TM X 73610, E 9093) Avail NTIS HC AQ2'MF A01 
CSCL 10A 

The current emphasis is on out-ut core thermionic conversion 
* TEC) The additional degrees o! Ireedom offer new potentialities, 
bill Inyh-temperature material effects deiarmme Hie level and 
lifetime of TEC performance New electrodes not only raise 
power outputs but also maintain them legaultess of emitter vapor 
deposition on collectors In addition effective electrodes serve 
compatibly with hot-shell alloys Space TEC withstands external 
and internal hrgh-temperature vaporization problems, and 
terrestrial TEC tolerates hot corrosive atmospheres outside and 
near vacuum inside Finally, reduction of losses between converter 
electrodes is essential even though rather demanding geometries 
appear to be required for some modes of enhanced operation 

Author 


N77-23606*# Notional Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

THERMOCHEMICAL CYCLE ANALYSIS USING LINKED 
CECS72 AND HYORGN COMPUTER PROGRAMS 

Leo F Donovan May 1977 40 p refs 

(NASA-TM-X-73667. E 9191) Avail NTIS HC A03/MF ADI 
CSCL 10A 

A combined Ihermochemical cycle analysis computer program 
was designed Input' to the combined program is the same as 
input to the thermochemical cycle analysis program except thar 
the extent of the reactions need not Pe specified The combined 
program is designed to be run interactively from a computer 
rrnie sharing terminal This mode of operation allows correction 
or modification of the cycle ro take place during cycle analysis 
A group of 13 thermochemiual cycles was used to test the 
combined program Author 


N77-24687*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 

BASELINE PERFORMANCE OF SOLAR COLLECTORS FOR 
NASA LANGLEY SOLAR BUILDING TEST FACILITY 

Richard H. Knoll and Susan M. Johnson Washington May 
1977 25 p refs 

(NASA-TM-X-3505. E-9036) Avail: NTIS HC A02/MF A01 
CSCL IOA 

The solar collector field contains seven collector designs. 
Before operation in the field, the experimental performances 
(thermal efficiencies! of the seven collector designs were measured 
in an indoor solar simulator The resulting data provided a baseline 
for later comparison with actual field test data. The simulator 
test results are presented for the collectors as received, and 
after several weeks of outdoor exposure with no coolant (dry 
operation). Six of the seven collector designs tested showed 
substantial reductions in thermal efficiency after dry operation 

Author 


N77-24589*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
APPLICATION OF SEMICONDUCTOR DIFFUSANTS TO 
SOLAR CELLS BY SCREEN PRINTING Patent Application 

John C Evans. Jr., Henry W Brandhorst. George A Mazaris. 
and Larry R. Scudder, inventors (to NASAI Filed 20 May 1977 

18 p 

(NASA- Case- LEW- 12775- 1 : US-Patent-Appi-SN-799026) Avail 
NTIS HCA02/MFA01 CSCL IOA 

Diffusants are applied onto semiconductor solar cell substrates 
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using semen priming techniques- The method is applicable to 
square and rectangular cells and is used to apply dopants of 
opposite types to the front and back of the substrate Then, 
simultaneous diffusion of both dopants is performed with a single 
furnace pass. 


N77-24692*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. _ 

experimental evaluation of A •rcadmoahd heat 

AND PRODUCT-WATER REMOVAL . SV«TEM FOR A 
SPACE-POWER FUEL CELL DESIGNED WITH STATIC 
tMATER REMOVAL AND EVAPORATIVE COOLING 

Nmman H. Hagedcm and Paul R. Prokipius Washington May 

(*NASA-TN-D-B48B. E-8822) Avail: NTIS HC A03/MF A01 

CSC A test program was conducted to evaluate the design of a 
heat and product-water removal system to be used with fuel 
cell having static water removal and evaporative cooling, 
Droaram which was conducted on a breadboard version of the 
svslem provided a general assessment of the design in terms 
of operational integrity and transient stability. Th'S assessmem 
showed that, on the whole, the concept appears to be inherently 
‘sound but that in refining this design, several 
additional study These involve interactions between pressure 
regulators Tt pumping loop that occur when Ih-V a- no 
correctly matched and the question of whether an ^ector^s 
necessary in the system. 


N77-24B93*# National Aeronautics and Space Administration. 

Lewis Research Canter. Cleveland. Ohio. weviMG 

METHOD FOR FABRICATING SOLAR CELLS HAVING 
INTEGRAL COLLECTOR GRIDS Petent Application 

John C. Evans. Jr., inventor (to NASA) Filed 6 Jun. 197 

tNASA-Case-LEW-1 2819-1; US-Patent-Appl-SN-803823) Avail: 
NTIS HC A02/MF A01 CSCL 10A 

A helerojunction barrier photovoltaic device is described. It 
comprises a helerojunction or Schottky bamei _ duV '"j ® 
conductive base metal layer compatible with a " d "°^ lr ' 9 
predominately the exposed surface of the p-type ^ubs rote of 
the device such that a back surface field region is formed at 
the interface between the device and the base metal layer , a 
transparent, conductive mixed metal oxide layer m .megral con act 
with the n-type layer of the heteroiunction or Schottky barrier 
device having* a metal alloy grid network of the same me«, 
elements of the oxide eonstitutents of the mixed metal oxide 
layer embedded in the mixed metal oxide layer, an insulating 
layer which prevents electrical contact between the conductive 
metal bBse layer and the transparent, conductive metal oxidv 
layer and a metal contact means coverging the msulatmglayer 
and in intimate contact with the metal grid network embedded 
in the transparent, conductive oxide layer for conducting electron* 
generated by the photovoltaic process from the device. NASA 


N77 26*12*# National Aeronautics and Space Admir.= ration. 

>~!^5~3iSKtfKf MUBUKUir VOITAGI »«■> 

%SS£SK£n& 2m£» «°°* 

sponsored by the Elactrochem. Soc.. Inc. 

rS4SSJ” M 1«: E R D A / NASA - 1 002/77/ 1 0) 
^^rmanc^orr "as 

5,l ernbranes S&Z St 

graphite cloth. Current densities ranged up to 25 mA 
centimeter. Open-circuit and load voltages decreased as the ■ 

s s: *— 


h ; n aureement with theory, but load voltages increased due 
to decreased polarization with increasing acidity. High acidity on 
the titanium sale coupled with low acidity on the iron side gives 
the 'best U toad voltage, but such cells show voltage losses as 
they are repeatedly cycled. Analyses show that the i bulk of the 
voltage losses are due to diffusion of acid through 'be^mem- 
brane. 


N77-26613*# National Aeronautics and Space Administration. 

Lewis Research Center. Cleveland. 0h'° wilND 

VIBRATION CHARACTERISTICS OF A LARGE WIND 
TURBINE TOWER ON NON-RIGID FOUNDATIONS 

Iue R y T Y™ Tse-voung P Gang R. Dav.d H. 

Timmerman, and John W. Fenton May 1977 34 p refs 

IS-Tm'-X 1 rawolwm: ERDA/NASA-1004/77/1) Avail: 

Mod-OAwin* turbine 

rotation on the fundamental frequency of the t wind l Is abn 
' ■ “" significant for cohesive soils or loose sand. The reduction 
r natural frequency can be greater than 20 percent Howe en 
fnr a foundation resting on well graded, dense granular materials 
or b“such effect is sma,. and the foundation 
treated as a fixed base 


N77 -26614*# National Aeronautics and Space Administration. 

Lewis Research Center. Cleveland. Ohio. cisrTRIC 

NEW BATTERIES AND THEIR IMPACT ON ELECTRIC 

VEHICLES • c „ rI) f ? Presented at Intern. 

ChicBQO. 26-29 A., 1977, 

NTIS HC A02/MF A01 CSCL IOC t 

The selection of batteries to power electric motor vehicles 
, s d^cussed ?he pmbiem of evaluating battery Performance 
and the availability of different batteries are considered. D.M.L. 


N77-2661S *# National Aeronautics and Space Administration 
Lewis Research Center. ° ^pienATED EXPOSURE 

TCS^NQ^O^^OLA^C^LL^SYf^Ewf COMPONENT'S^ 

S A-gnostrand C A E merico F. Fores, ier, May 1977 18 p 

^4^7^.200: fch D A/ NASA- 1 022/ 77/14) 

ns? sa^r/r . :r: d n 

totter which included humidity exposure. These tests we 
pTe hm ioary 1 screening of materials suitabe 

to their performance. 


N77-2B616*# National Aeronautics and Space Administration 
lewis Research Center. Cleveland. Ohio. FOR 

MAGNETIC 8TIRUNG CYCLES: A NEW APPLICATION 

MAGNETIC MATERIAU1 Presented at the 

Irrtern! Magnetics CtmE^LPS ^Angeles. 6 P -10 Jun. 1977: sponsored 

W'S »C A02/MF AO, 

CSCL 10A 

The elements of the cycle are summarized. The basic advan- 
tages^inc'ude high entropy density in the magnetic material. 


completely leveraiblo processes convenient cnntiol o( the entropy 
by the applied held, the feature that heel transfer is possible 
during «ll processes, anti the nbihty of the irleat cycle to attain 
Carnot efficiency, The mean field theory is used to predict the 
entropy of a ferrontagnal in an applied field and also the isothorma! 
entropy change nnd isentropic temperature changu caused by 
applying a field The results for isentropic temperature change 
are compared with espaiirnental data on Gti Coarse mixture* 
of ferromagnetic materials with different Curie points are proposed 
to modify the path of the cycle in Ihu T-S diagram in order to 
improve the efficiency or to increase the specific power Author 


N77 JM17*# National Aeronau'lcs and Space Administretron 
lewis Research Center. Cleveland. Ohio 

EVALUATION OF INITIAL COLLECTOR FIELD PERFORM- 
ANCE AT THE LANGLEY SOLAR BUILDING TEST FACIL 


Robart J, Boyle, Ronald N Jansen (NASA Langley, Hampton. 
Va>. and Richard H Knoll Jim 1977 22 p refs Presented 
et the 10th Ann, Meeting of the Am Sect of the Intern Solar 
Energy Soc . Orlando, Fla 

INASA-TM-X'73677! Avell NTIS HC A02/MF A01 CSCL 


The thermal performance of the solar collector held fur the 
NASA Langley Solar Building Test Facility is given for Octobor 
1976 through January 1977 A 1 , 180 spume meter sr tor cullectnr 
field with seven collector designs helped id ptovitlt hot water 
for the building heating system and absorption an conditioner 
The collectors were arranged in 1 2 rows with n, rnmally 5 1 
collectors per row Heat transfer rates for each row wei calculated 
and recorded along with sensor, insolation, and weather data 
every live minutes using e minicomputer The agreement between 
the experimental end predicted collector efficiencies was generally 
within fare percentage points Author 


N77-28S18*# National Auroneutics and Space Administration 
Lawrs Research Center, Cleveland. Ohm 

TEST FACILITY FOR SOLAR-CELL REFERENCE CONDI- 
TIONS 

Thomas M Klurher Nov. 1976 16 p refs Presented at 2d 
Ann Photovoltaic Measurements Workshop Baton Pauco La 
10-12 Nov 1976 
(Contract 6(49-261 1022) 

(NASA CP-2010: ERDA/NASA 1022 '76/ I . TR I 2) Avail 
NTIS HC A02/MF A01 CSCL 10A 

A lest facility, intended primarily lor long term monitoring 
of the global insolation and its components and the concurrent 
solar ceil performance under a wide variety of moasmeable 
atmospheric and weather conditions, is described Instruments 
lor the measurement of insolation coll performance turbidity 
water vapor and cloud cover are described Preliminary evaluation 
of the hourly data base generated over a two month period for 
a range of sky conditions from clear to overcast is presented 

Author 


N77-Z6819*# Natiarat Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

EFFECT OF ATMOSPHERIC PARAMETERS ON SILICON 
CEU. PERFORMANCE 

Henry B Curtis Nov 1976 19 p refs Presented at 2d Ann 
Photovoltaic Moasuromums Workshop Baton Bonne La 
10 12 Nov 1976 
(Contract EI49-26)- 1022) 

INASA-CP 2010, ERDA/NASA- 1022/7672. TR 17) Avail 
NTIS HCA02/MFA01 CSCL 10A 

The effacts of changing atmospheric parameters on the 
perfo-mance of a typical silicon solar cell were calculated The 
ptecipitable water vapor content, airiness anil turbidity were varied 
over wide ranges and the normal terrestrial distribution ol spectral 
itradianco was studied The cell short -circuit current was then 
computed for each spectral irtadtance distribution using the colt 
spectral response Data are presented in the form of calibration 
number (celt current/rnculent irtadienctrl vs water vapor content 
or turbidity Author 


N77-28820*l National Aeronautics and Space Administration 
Lewi* Research Center Cleveland, Ohio 

ERRORS IN SHORT CIRCUIT MEASUREMENTS DUE TO 
J«CTRAL MISMATCH BETWEEN SUNLIGHT AND SOLAR 

Homy B Curtis 1976 26 p ref Presented at the 2d Ann 
Photovoltaic Measurements Workshop. Baion Rouoo La 
1012 Nov 1976 
(Contract E|49 26) 10221 

(NASA CR-2010 ERDA/NASA 1022/76/3. TR 2 2) Avail 
NTIS HC A03/MF A01 CSCL 1QA 


Errors in short circuit current measurement ware calculated 
tor a varrely of spectral mismatch conditions. The differences in 
spectral trradlauco between terrestrial sunlight and three types 
of solar simulator warn studied, as well as thu differences in 
spectral response between thteu types ol tofornheu solat celts 
and various test cells The simulators considered were a short 
arc xenon lamp AMO sunlight (initiator an ordinary quart* halogen 
lamp and an ELH-type quart; halogen lamp Three types of 
solar cells studied were a silicon cell, a cadmium sulfide cell 
and a gallium arsenide cell Author 


N77-28821*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

CONSIDERATION OF DESIGN AND CALIBRATION OF 
TERRESTRIAL REFERENCE SOLAR CELLS 

V G Wonor [1976] 28 p refs Piusnnlod at 2d Ann Photovoltaic 
Measurements Workshop Baton Rouge, Irt 10-12 Nov 19/6 
I Contract E|49 261 10221 

(NASA CP 2010 ERDA/NASA 102?/ 76/4. TR 2 4) Avail 
NTIS HC A03/MF A01 CSCL 10A 

A discussion is presented on the problems encounlqred in 
the design of a reference coll that meets basic criteria, starting 
with basic design considerations and proceeding with tire 
precautions taken to ensure a global monitoring capability The 
effects of the variations in atmospheric conditions on the 
calibration and use of reference colls aio presented along with 
a discussion of the simplifications brought about by the use of 
spectrally matched test and reference culls Finally, a method of 
matching tost modules and arrays to reference cells by a red/blue 
response rat e technique is described Author 


N77 26822** National Aeronautics and Space Administration 
Luwis Pjseatch Cr-ntoi. Cleveland, Ohio 
SOME BASIC CONSIDERATIONS OF MFASUREMENTS 
INVOLVING COLLIMATED DIRECT SUNLIGHT 

Art Ti Choi Nnv 1976 17 p nils Presumed at the 2(1 Ann 

Photovoltaic Measurements Workshop Baton Rouge La 
tO 12 Nov 1976 
(Contract EI49-26I 102?) 

(NASA CP 2010 ERDA NASA 1022 76 5 TR 2 61 Avail 
NTIS HC A02/MF A01 CSCl 10A 

The geometry of collimators for devices or instruments dealing 
with terrestrial direct sunlight is discussed ElleCIs of the opening 
angle and slope angle of a collimator on the measurements are 
investigated with regard to variations of turbidity and air mass 
Sitseu on this investigation, geometnc dimensions for collimators 
and certain realistic turrostual reference conditions are re 
commended for the purpose of solar cell calibration m terrestrial 
applications Author 


N77-28S23*# National Aeronautics and Space Adnunumation 
Lewis Research Center Cleveland Ohio 
SENSITIVITY OF SOLAR-CELL PERFORMANCE TO ATMOS- 
PHERIC VARIABLES. 1: SINGLE CELL 

Thomas M Klucher [1976] 15 p refs Presented at 2d Ann 
Photovoltaic Measurements Workshop Baton Rouge La 
10 12 Nov 1976 
t Contract E|49 261 1022) 

.NASA CP 2010 ERDA, NASA 1022 76-6 TR ? 7) Avail 
NTIS HC A02/MF AO I CSCl 10A 

Thu short circuit current of a typical silicon sular cell under 
dhoct solar radiation was measured for a range of turbidity, 
water vapor content and air mass to determine the relation of 
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the sol at cell calibration value (current-to-intensity ratio) to those 
atmospheric variables. A previously developed regression equation 
was modified to describe the relation between calibration value, 
turbidity, water vapor content, and air mass Based on the value 
of the constants obtained by a least squares fit of the data to 
the equation, it was found that turbidity lowers the value white 
increase In water vapor increases the Mhbrabon valu 
calibration values exhibited a change of about 8% over the range 
of atmospheric conditions experienced. ,J 


N77-2M24*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio. _____ 

SENIITIVITY OF ioi^r cellpirfoamance TO ATMOS- 
PHERIC VARIABLES 2: DIBBIMILAR CELLS AT SEVERAL 
LOCATIONS , 

Thomas M Klucher and Russall E. Hart 11976] 16 p refs 

Presented at thi 2d Ann. Photovoltaic Measuraments Workshop, 


Baton Rouge, La., 10-12 Nov 1976 
(Contract £(49-261-1022) 

IN ASA CP-2010. ERDA/ NASA- 1022/76/7: TR-2-8) Avail: 
NTIS HC A02/MF AOI CSCL 10A 

Several sotar cells having dissimilar spectral response 
curves and cell construction were measured at various locations 
in tha United States to determine sensitivity of cell performance 
to atmospheric water vapor and turbidity The locations selected 
represent a broad range of summer atmospheric conditions, from 
clear and diy to turbid and humid. Cell short circuit current 
under direct normal incidence sunlight, the Intensity, water vapor 
and turbidity were measured Regression equations were 
developed from the limited data base in order to provide a 
single method of prediction of cell current sensitivity to the 
atmospheric variabtes. Author 


f#7 7-2M26*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio. 

INTRODUCTION TO BASIC SOLAR CELL MEASURE- 
ME NTS 

Henry W. Qrandhorst. Jr. [19761 31 p refs Presented at 2d 
Ann. Photovoltaic Measurements Workshop, Baton Rouge. La.. 
10*12 Nov 1976 

S?ASrCp 4 2m 6 0. ERDA/NASA-1022/76/8; TR-3-H Avail. 
NTIS HCA03/MFA01 CSCL 1QA 

The basic approaches to sotar cell performance and diagnostic 
measuraments are described. The light sources, equipment for 
l-V curve measurement, and the test conditions and procedures 
for performance measurement are detailed. Solar cell diagnostic 
tools discussed include anBlysis of l-V curves, series resistance 
and reverse saturation current determination, spectral response/ 
quantum yield measurement, and diffusion length/ f ?*' t h or 
determination 


N77-2B826*# National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. °|l'° 

INDOOR AND OUTDOOR MEASUREMENTS OF PERFORM- 
ANCE OF PHOTOVOLTAIC ARRAVS , _ . „ 

Henry B Curtis [1976] 16 p refs Presented at the 2d Ann. 

Photovoltaic Measurements Workshop. Baton Rouge. La. 
10-12 Nov 1976 

I N AS A^CP^ 2(^1 A/ NASA- 1022/76/9. TR-3 3) Avail: 

NTIS HC A02/MF AOI CSCL 10A 

A description of the techniques and methodology for making 
outdoor l-V measurements of solar colls is given Temperature 
and irradiance measurement, experimental arrangement, data 
acquisition system and l-V data transformations ate discussed 
Data are presented comparing outdoor measurements to indoor 
measurements using a pulsed solar simulator ► 1 


N77-2W7B*# National Aeronautics and Space Administration. 

Lewis Research Center, Cleveland, Ohio .... 

EFFECTS OF OUTOOOR EXPOSURE ON SOI>R CELL 
MODULES IN THE ERDA/NASA LEWIS RESEARCH 
CENTER SYSTEMS TEST FACILITY 

I Weinberg. Henry B. Curtis, and Amerrco F Forestrerl Apr. 
1977 17 p rets 

(Contract E(49-26)-1022) ,*wm/i« 

(NASA-TM-X-73657: E-9173. ERDA/NASA-1022/77/13) 
Avail NTIS HC A02/MF AOI CSCL 10A 

The etfacis of outdoor exposure were determined oy 
comparing standard l-V data obtained lor the as-received modules 
with similar data obtained alter removal from the field and cleaning 
with detergent solution Alt modules measured In this way 
exhibited nontecovorablo degradation in P sub maximum varying 
from 4 to 7 percent, One modulo exposed for 41 days exhibited 
partial cell discoloration, loss of fiont surface metilliiation over 
the discolored portion, and a decrease In P sub maximum of 
7 percent, tentatively attributed to cell damage Measurements 
before and after cleaning showed a recoverable degradation due 
to dirt accumulation This recoverable loss In power was 
1 1 percent after 245 days In the field for one brand of module, 
6 percent after 48 days for another brand, and 4 1/2 percent 

^ .... . Author 
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N77-274***# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio 

POTENTIAL BENEFITS OF A CERAMIC ™ERMAL BARRER 
COATING ON LARGE POWER GENERATION GAB TUR- 

John S. Clark and Joseph J. Nalnlger Jun. 1977 67 p refs 

( NAS ATM -7 3 7*1 2^." S 1 : ERDA/NASA-6022/77/1) Avail: 
NTIS HC A04/MF AOI CSCL 10B 

Thermal barrier coating design option offers benefit In terms 
of reduced electricity costs whan used in utility gas turbine.,. 
Options considered Include, increased firing temperature 
increased component lite. reduced cooling air requirements, and 
increased corrosion resistance (resulting in 
for dirty fuels). Performance and cost data were obtained. Simple, 
recuperated and combined cycle applications were considered, 
and distillate and residual fuels were assumed. The 
that thermal barrier coatings could produce large eleetrio rt» cost 
savings If these coatings permit turbine operation with 
fuels at distillate-rated firing temperatures The results also 
that increased turbine inlet temperature can result in substantial 
savings in fuel and capital costs. Aut 


N77-27497*# National Aeronautics and Space Administration 

Lewis Research Center. Cleveland. Ohio_ EXPERIMENT 

PHOTOVOLTAIC-POWERED REFRIGERATOR EXPERIMtie t 
AT ISLE ROYALE NATIONAL PARK 

A F Rata|«ak Jun 1977 32 p 

ERDA/NASA- 1022/77/ IB, Avail. 
NT,S The H u 5 n o^aTho^v’altaic power system to 
[fSrjated 3 The ITe'Tp/vT^r refngoration m a 


N77-2B587*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio, . use 

POLYMERIC MEMBRANE SYSTEMS OF POTENTIAL USE 
FOR BATTERY SEPARATORS 

Warren H Philipp Washington JuL 1977 IS P 
(NASA-TM-X-3567 : E-9092) Avail: NTIS HC A02/MH AOI 

CSC Tw'o ) ^nombrano systems were investigated that may have 
potential use as alkaline battery separators. One system compriMS 
,wo miscible polymers- ■ .^1^, 
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S 1977 E K * UU ' # ° d B " 8n 6 SBb ° W «h!ng,on 

CSCMOC D 8527, E ' 9079> AvBl1 NT.S HC A03/MF AOt 

wU'ItTJ ^ was a,ud,Bd with 

concentrations were 9 M hydroxide ton ■ncM^iM 81 *' Th " ln,t, “ l 
densities were 6 4 to 64 mA/sn 21 M llnco,B Current 
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vie self induced convection V as llBpl ,lo "rDg*n,ous 

Author 


B &S 2 S“ 3 r d s '“ 

«SuM T Al PHOTOVOLT A'C MEASUREMENT PRO- 

Jurt 1977 18 p fo(s 
IConiracf E<49 26M022) 

rrj,rirr,“„ 

SSiwiw *£,“%!*"** IS ,0 ' t,la c <"‘Bwtor» and UE0 o( 

reference solar colls. Soma comments relating to concentration 
mv,sod ,u '' BS ’" fll sal - 

use in theoretical calculations, are included Author 
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John LJKI.no and Roy C. Tew. Jr. Washington Aug. ,977 
SaW*«" : E - 9 ’ 03 ' A -« NT'S HC A02/MF AO, 
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N77 30698*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

P9 *^t*nq*from*he 

ns* c 6 ° 0 rrr N ™wks 

(Contract E<49-,8) ,75?) 

cscl A ,ob 73B ’ 5, 6 85961 Av ‘" t NT,S HC A99 / MF AO, 

Advanced systems using coal and coaldonvod fuels for 
base load olootric power generation wote compared The study 
was conducted m two phases Phase , consisted of « parametric 
ana ysis From these results. , , concepts ware selected for further 
study in Phase 2 For each of tho Phase 2 systems and a 
common set of ground tulos, tho performance cost, environmental 
intrusion and natural rosource toquiioments were estimated In 
addition, the contractors defined tho stato of technology, identified 
required, and prupnted preliminary research and 
development plans and an implementation assessment The 
systems studied in Phase 2 include steam systems with 
atmospheric and p.ossurued tlmdijed-bod hollers combined pas 
tmbine, steam systems with integrated gasifiers or fired by a 
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(Comioct E(49-26)- 10281 

(NASA-TM 73718, E 9266; ERDA/ NASA irvrn 7 -r/n . 
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An approximate method lot obtaining drivu ttam natural 
frequencies is presented Author 


NT7-SIH1* National Aeronautics and Space Administration 
Lawn Research Center. Cleveland. Ohio 

SOLAR CELL SHINGLE Patent 

Americo F Foresuen. Anthony F Ralajqzak, and Leroy G Sidorak, 
inventors (to NASA) Issued 9 Aug 1977 5 p Filed 24 Aug 
1976 Supersedes N77-10645 115 • 01. p 0091) 
(NASA-Case-LEW- 1 2587-1 : US-Patent 4.040,867: 

US-Patent- Appl-SN-7 17319: US-Patant-Class-1 36 89P: 
US-Patent-aass- 52-173: RU S- Patent Class-52 -5 18, 
US-Patent-aass-136-89-AC) Avail US Patent Office CSCL 
10A 

A solar cell shingle was made of an array of solar cells on 
a lower portion of a substantially rectangular shingle substrata 
made of fiberglass cloth or the like The solar cells may be 
encapsulated in flaurinated ethylene propylene or some other 
weatherproof translucent or transparent encapsulant to form a 
combrned electrical module and a roof shingle The mterconnecred 
solar cells ware connected to connectors at the edge of the 
substrate through a connection to a common electrical bus or 
busses An overlup area was arranged to receive tiro overlap of 
a cooperating similar shingle so that the coll portion of the 
cooperating shingle may overlie the overlap aitra of the roof 
shingle. Accordingly, the same shingle servos tho double function 
of an ordinary roof shingle which may bo applied in the usual 
way and an array of cooporallng solar cells from which electrical 
energy may be collected 

Official Gazette of the U S Patent Office 


N77-31S12*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

NASA THERMIONIC-CONVERSION PROGRAM 
James F Monts 1977 9 p refs Presented at the 12th 

fntersoc Energy Conversion Eng Conf . Washington. DC, 
28 Aug - 2 Sep 1977; cosponsored hy the tEEE, the Am 
Inst of Chem Eng , tho Am Nucl Soc . the Soc of Automotive 
Eng., the Am Chem Soc, the AIAA, and the ASME 
(NASA-TM-X-73644. E 91501 Avail NTIS HC A02/MF A01 
CSCL 10A 

Technological processes in out-of-core thermionic energy 
conversion aro described Tho emphasis was on high temperature 
electrode materials and system engineering of converter 
geometries to produce practical power densities I M. 


N77-31S14*# National Aeronautics and Spaco Administration 
Lewis Research Center. Cleveland. Ohio. 

INVESTIGATION OF EXCITATION CONTROL FOR WIND- 
TURBINE GENERATOR STABILITY 

Vernon D Gebben Aug 1977 16 p refs 
(NASA-TM-73745; E-9313; ERDA/NASA/ 1028-77/3) Aveil. 
NTIS HC A02/MF AQ1 CSCL 108 

High speed horizontal axis wind turbine generators with blades 
on the downwind side of the support tower lequira special design 
considerations to handle disturbances introduced by the flow 
wake behind the tower. Experiments and analytical analyses were 
made to determine benefits that might be obtained by using 
the generator exciter to provide system damping for reducing 
power fluctuations. Author 


N77-32$S6*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

CESIUM THERMIONIC CONVERTERS HAVING LANTHA- 
NUM HEXABORIDE ELECTRODES Patent Application 
Jamas F. Morris. Inventor (to NASA) Filed 24 Nov 1976 8 p 
(NASA-Case-LEW- 12038 2 US-Patam-Appl-SN-744576) Avar! 
NTIS HC A02/MF AOt CSCL 10A 

A high atectric-power output iharmionlc converter is provided 
for by the combination of lanthanum hexaboride emitter and 
collector electrodes In a cesium thermionic converter The 
interaction between the lanthanum hexaboride electrodes and 


’’■' I ' 1 ' '*"■"1 :-r?T 


caelum vapor which is adsoibed an the lanthanum hexcbonde 
electrodes results in lower emitter and collector work functions 
to produce a thermionic converter having a high currant density 
and voltage output The lanthanum hexaboride emitter and 
coUactor electrodies in the cesium thermionic convener may be 
employed in either the monocrystallme or polyctystelline elate 

NASA 


A77-21787 * An investigation of impurity redistribution in 

diffused layer on /n+/ p silicon solar cells parameters. E. Y Wang. I 
Hsu (Waym- State University. Detroit, Mich. I, and H W Brandhoist, 
Jr, (NASA, Lewis Rescinds Center, Cleveland, Ohio). In: Interna- 
tional Conference an Solar Electlirily. Toulouse, France. Maiclt I 5, 
1976, Reports (A77 2 1 776 08 -14) Toulouse, Centre National 
d'Elvides Spatiales. 1976, p. 169 181 8 infs. 

Recent calculations by Wang e| al. 119741 have shown that tin- 
short circuit current loi silicon solar cells is sensitive to the impuntv 
distribution in the diffused ami base legion. In the piesenl work, 
these theotetieal results were verified bv experiinentalfv investigating 
the impurity profile and sheet insistence of die diffused layms ol 
In*) p silicon solai cells fabricated by normal diffusion processes and 
at subsequently various drive in times. Inipuiity- profiles of them 
diffused layer, measured hy ditleiential Hall and resistivity tech- 
nique. resemble the etle distribution. The lum-tmn depth is larger as 
drive in dine increases. Measured short-circuit cuitonl is ill agreement 
with calculated ones. Open-circuit voltage is independent ol drive m 
times, and ds calculated values ate consistent with capacitance 
voltage measutements. P T H. 


A77-21838 * Photovoltaic test and demonstration protect, 

A F. Farusheti. H. W. Brandhoist, Jr„ and J. N. Deyo (NASA. Lewis 
Research Center, Cleveland, Ohio), In: International Conference on 
Solar Electricity. Toulouse, France, Maiclt 1-5, 1976, Reports. 
(A77 21776 08 44) Toulouse, Centre National d'Etudes Spatiales, 
1976, p, 765 769. 

The considered project consists of three subprojects related to 
applications, device performance and diagnostics, and endurance 
testing. The objectives of the applications subproject include the 
determination of the operating characteristics for a variety of 
photovoltaic conversion systems. A system test facility is being 
constructed in this connection and a prototype resilience experiment 
is to be conducted. Market demand for solar cells is to be stimulated 
by demonstrating suitability of solar cells for specific neat term 
applications. Activities conducted in connection with device per 
foimance studies and diagnostics are also discussed along with 
development's in the area of endurance testing. G.R 


A77-23390 * Clean fuels from biomass. Y Y. Hsu (NASA. 

Lewis Research Center , Cleveland, Olnol. tiierpy Oturterly, vol 6 
Jan I . 1976 n 6 )9 19 ids 

Tire papei discusses lire U S resources tu provide fuels horn 
agricultural products, the present status of conversion technology ot 
Clean fuels horn biomass, and a system study directed to determine 
the eneigy budget, and environmental and sttctoeconomic impacts 
Conversion processes ate discussed relative to pyrolysis and anaerobic 
fermentation. Pyrolysis breaks the cellulose molecules to smaller 
molecules under high temperature in the absence of oxygen, whet as 
anaerobic leimeiitutum is used us eonvett biomass to mgthane by- 
means of hactciie Cost optimi.-atum and energy utilization are also 
discussed. SO 


A77- 26392 * Status of silicon solar cell technology. H W 

Brandhoist. Ji. (NASA. Lewis Reseaich Center, Cleveland, C -o I 
J,ip.m Simely ol Apptiml Physics, lntemdiioo.il Confeicnce on 5, 'hi 
Start- Devices. 2ml. Tokyo. Japan. Sept 13 7JW. Pm *r. 17 p. 18 
refs. 

It is pointed out that during the time from 1970 tu 1976 the 
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efficiency of solar cells has increased from 50,5 to 15.5% Most of 

en? r r r d output , has resui<ed fr ° m circuit 

current. Advances leading to this improvement in performance are 

discussed, taking into account a reduction m the area covered by the 
grid pattern, the use of antireflection coatings, and the employment 
of surface texturizing. A widespread use of solar cells for nonspace 
applications requires a reduction in the cost of solar cell arrays from 
e present S20 per watt to 10 to 50 cents per watt. Approaches for 
achieving this objective are considered. Attention is given to an 

sNi'e a nn a,0 !h h ' 9 , h , V °' Um6 Produc " 0 '’ °< solar made from ribbon 
sn icon or thin film layers. q ^ 


A fi,It order ,hBor V of the p/+/-n-n/+/ edge- 

cZrdVrn ,0,ar . Cel ' 4t vefY hi A h 'flection levels. C. GoraT 
Cleveland State University, Cleveland, Ohio) and B. L. Sater (NASA 

^cn C,eveland ' 0h, °l- Transactions on 

Electron Devices, vol. ED-24, Apr. 1977. p. 342-351, 20 refs. 

A ii j fder ,he0rv of ,he Bd 9e-illuminated p(+l-n-n(+) silicon 

in!lr-Wo de | “I v .,! ,iflh . ln i BC,iDrl levels has been derived. The verv 
gh iniection level illuminated J-V characteristic Is derived for any 

general base width to diffusion length (W/U ratio and it includes the 
f ? Ctio " bv ,he ""< + > ^h-low junction. The 
untpf o t CC!S 1 °. , ' he higWow junction are shown to be significant 
until extremely high injection levels are reached. The theoretical 
ependencios of Jsc and Voc or temperature, incident intensity and 
base resistivity are derived and discussed in detail. Some experh 

ffiSU “ are 9 VBn 3nd theS ° are dlscussed in relation to the 

(Authorl 


r u* ' ne,h ° d ° lo SV <°> experimentally based de- 
termmation of gap shrinkage and effective lifetimes in the emitter 
and base of p-n junction solar cell, and other pm junction devices. F 

A. Lindho m A. Neugroschel (Florida. University, Gainesville. Fla.)] 
wi n Sab (lllin °' s - University, Urbana, Hi,), M. P. Godlewski. and H. 
\N_ Brandhorst, Jr. (NASA, Lewis Research Center, Cleveland, Ohio). 
tEE Transactions on Electron Devices, vol. ED-24 Aor 1977 n 
402-410. 26 refs. Gran, No. NsG-30, 8; 'contract No! E,«’w4 
ef A " expedme " ,al| y based methodology the, determines the 
fective gap shrinkage and lifetime in the emitter of a p-n junction 
solar cell is described which provides an experimental means for 
assessing the importance of gap shrinkage relative to that of large 
recombination rates in the highly doped emitter. The base lifetime is 
funotfoT™ f 11“ meth ° dDl °9y P erta 'm to a solar cell after the 

includes rh, T ' f J"" ^ maIfirial determined 

The d lh h ! f e 5 ° f the Processing used in junction fabrication 
The methodology consists of strategy and procedures for designing 
experiments and interpreting data consistently with the physical 
mechanisms governing device behavior. This careful linking to the 
device physics uncover the material parameters concealed in the data 
To Illustrate the procedures, they are applied to an nM-p solar cell 
having substrate resistivity of about 0.1 ohm-cm. (Author) 

P. I.H. 

A /?1 2 . 24 V ! ‘ Application of the SEM to the measurement 
f solar cell parameters. V. G. Weizer and C. W. Andrews (NASA 
Lewis Research Center. Cleveland, Ohio). Illinois Institute of 
Technology, Annual Scanning Electron Microscopy Symposium 
10th, Chicago, III., Mar. 28-Apr. 1, 1977. Paper. 7 p. 21 refs * 

A pair of techniques are described which make use of the SEM 

the m 3 ,T' reSdec,ivelv ' ,he minority carrier diffusion length and 
the metaNurgical junction depth in silicon solar cells. The former 
technique permits the measurement of the true b.-lr. diffusion length 

surTace *?**■ ^ ^ '«« » I Sack 

surfaces of the cells being investigated. The technique yields an 

ab jf U * e . ™ iue Df ,he diffusion length from a knowledge of the 
collected fraction of the injected carders and the celt ihickness It is 
shown that the secondary emission r.ontrast observed in the SEM on 
a reverse-biased diode can depict the location of the metaHuJS 


junction if the diode has been prepared with the proper beveled 
g ometry. The SEM provides the required contrast and the option of 
high magnification, permitting the measurement of extremely shal- 


low junction depths. 


{Author} 


A77-32243 * -/ Synchronization of the ERDA-NASA 100 kw 
wind turbine generator with large utility network H H. “wag” 
Hawaii, University. Honolulu, Hawaii) and L J. Gilbert (NASA 
Lewis Research Center. Cleveland. Ohio). Institute of Electrical and 

rT eBrS c ° f Power Systems inference and 

B9e Stall0n ' Tex -’ Mar - M-16, 1977. Paper. 16 p. 5 
andNASA bV Hawaiian Natural ^ergy Institute 

^ B e SVnCh J r0ni2in9 of a wind tuf bine generator against an 

W h a dicital ra ° m Conditiorls is s 1bdied for the first time. 
Wiih a digital computer, complete solutions for rotor speed 

wind ra t!°rK P0VV w r 9l< V (ileCtr0magnetIC tor 9 ue ' wind turbine torque' 
wind turbine blade pitch angle, and armature current are obtained 

nc rh^finA Exper,mEnts have been recently performed 

on the EROA-NASA 100 kW wind turbine. Experimental results 
matched computer study results very closely and confirmed that the 

?notr'T'° n C T be acco,rl P |ish(!d by means of the existing speed 
control system and an automatic synchronizer. (Author) 


A77-33405 - Energy storage possibilities of atomic hy- 
drogan. R. D. Etters (Colorado State University, Fort Collins, Colod 
J. V Dugan, Jr. (U.S. Congress, Science and Technology Committee 
Washington D.C ), and R. Palmer (NASA, Lewis Research Center’ 
Miam R ° h h '°2i ln - World Hydrogen Energy Conference. 1st! 

^ 1976 ' Pro “ edi '^- Volume 3. 
(A77-33326 14-44) Coral Gables, Fla., University of Miami; New 

NGL:06 e 0Q2759 ’ P ‘ 903 *° 9C ' 20 - 13 reU ' Grant No - 

The possibility of storing large amounts of energy in a free 
radical system such as atomic hydrogen is analyzed. Attention is 
focused on theoretical calculations of the ground state properties of 

spin-aligned atomic triplet hydrogen, deuterium, and tritium. The 
solid-liquid phase transition in atomic hydrogen is also examined 

S.D. 


A77-38224 * Experimental solar heating- coo ling system 

rnodei tests of a full-scale building system. D. Namkoong (NASA 
Lewis Research Center, Cleveland, Ohio). In; Modeling and simula- 
tion. Volume 7 - Proceedings of the Seventh Annual Pittsburgh 

38T7G iTrri P>! R r9 ^ I*" APr " 26> 2? ' 1976 - Part 2 - <A77- 
p 8 1 To3 In 13. 10 refs r9 ’ '' '" 5,rUmerU Sod “ Y ° f A “- 

An experimental solar heating and cooling system model has 
been built and operated, combining elements that are programmable 
- heating and/or cooling load of a building, collected solar enerqy - 
with experimental equipment The system model was based on the 
and cdmponen,s USEd in the Solar Building Test Facility 
wh ' ch mcludes a ’394 square meter solar collector field at 
NASA-Langlay. Operations covered 5 continuous days under summer 
cond, ions. For the system model, up to 65% of the simulated 
collected solar energy was used for the building load. This amount 
instituted 36,0 of the building cooling load. Heat loss was 
significant. If tank heat loss were eliminated, 75% of the collected 
SO ar . W° uld be used. This amount would supply approxi- 
mately 50% of the building coaling load. (Author! 


A77-41556 * ff Thermal storage for electric utilities. C .1 
swet (ERDA, Washington, D.C.) and W. J. Masica (NASA, UWii 
Researdi Center, Cleveland. Ohio). In: New options in mergy 
technology; Proceedings of iha Conference, San Francisco Calif 
Au^st 24. ,977. (A77-41551 19-44) New York, American Institute 
of Aeronautics and Astronautics, tnc., t977, p. 26-32. 17 refi. 
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{At A A 77-1009) 

Application* ot the thermal energy storage (TES) principle 
(storage of sensible heal or latent heat, or heat storage in reversible 
chemical reactions) In power systems are evaluated. Load leveling 
behind the meter, load following at conventional thermal power 
plants, solar thermal power generation, and waste heat utilization am 
the principal TES applications considered, Specific TES examples 
discussed Include: storage heaters for electric-resistance space heat- 
ing, air conditioning TES in the form of drilled water or eutectic salt 


baths, hot water TES, and 
confined aquifers. 


trans-season al storage in heated 


water in 

R.D.V. 


A77-47960 • .» The NASA thermionic-conversion /TEC-ART/ 
program. J. F Moms INASA. Lewis Research Center, Thermionic* 
and Heat Pipe Section, Cleveland. Ohio). Institute of Electrical and 
Electronics Engineers, Conference on Plasma Science, Troy, N. Y. . 
May 23 25, 1977, Paper. 1 8 p, 1 1 refs, 

The NASA program for applied research and technology in 
thermionic energy conversion is described, and the approadrus used 
to obtain the goal of reduced interelectrode losses, improved 
emitters, and improved collectors are indicated. The currant empha- 
sis on out-of-corc thermionics allows materials and designs previously 
prohibited by in-core nucleonics and geometries. Since high 
temperature material effects are important for several components, 
tungsten, 25%-rhcniurn technology is a subject of research. Emitter- 
vaporization, collector-deposition effects weie studied, and improve- 
ments in metallic-fluid heat pipes are considered. Some required 
characteristics of electrodes are examined. M 


A77-48765 * Molten salt thermal energy storage for utility 

peaking loads. A Ferrara, R. Hasten (Grumman Aerospace Corp 
Bethpage, N.YJ. and J. Joyce (NASA, lewis Research Center! 
Cleveland, Ohio). In: Intorsociety Energy Conversion Engineering 
Conference, 12th, Washington, D.C., August 28-September 2. 1977 
Proceedings. Volume l, (A77 48701 23-44) La Grange Park, III 
American Nuclear Society. Inc,, 1977, p. 547-554. 6 refs. 

Tins paper considers the use of thermal energy storage (TES) in 
molten safts to increase the capacity of power plants. Five existing 
fossil and nuclear electric utility plants were selected is representa- 
tive of current technology. A review of system load diagrams 
indicated that TES to meet loads over 951, ol peak was a reasonable 
goai. Alternate TES heat exchanger locations were evaluated, 
showing that the stored enurgy should be used either for feedwater 
heating or to generate steam for an auxiliary power cycle. Specific 
salts for each concept are recommended. Design layouts were 
prupared for one plant, and it was shown that a TES tube/shell heat 
exchanger system could provide about 7% peaking capability at 
lower cost than adding steam generation capacity. Promising alter. 
n,lta heat exchanger concepts were also identified. ’ (Author) 


A77-48886 * NASA Thermionic-Conversion program. J. F. 

Morris (NASA, Lewis Research Center, Thermionics and Heat-Pipe 
Section. Cleveland, Ohio!, in: Intorsociety Energy Conversion 
Engineering Conference, 12th, Washington, D.C., August 28 
September 2. 1977, Proceedings. Volume 2. (A77-48701 23-441 La 
Grange Park, III,, American Nuclear Society. Inc 1977 p 
1540-1547. 14 refs. 

NASA's progra.it for applied research and technology (ART) in 
Thermionic Energy Conversion (TEC) has made worthwhile con- 
tributions in a relatively short time. Materials and designs previously 
prohibited by in-core nucleonics and geometries now oflei new 
potential i ties. High-temperature material effects are crucial to the 
level and duration of TEC performance: New electrodes must 
increase and maintain power output regardless of emit ter -vapor 
deposition on collectors. They must also serve compatibly with 
hot-shell alloys. And while space TEC must face high-temperature 
vaporization problems externally as well as internally, tetrestri.jl TEC 


must tolerate hot corrosive atmospheres outside and near-vacuum 
inside. Furthermore, some modes for decreasing interolectrodc losses 
appear to requisite rather demanding converter geometries to 
produce practical power densities. lAuthor) 


A77-49160 • ;i Fundamental studies of black chrome for solar 
collector use. G. McDonald, B. Buzok, and H. Curtis (NASA. Lewis 
Research Center, Cleveland, Ohio!, International Solar Energy 
Society and Solar Energy Society of Canada. Joint Conference on 
Sharing the Sun: Solar Technology in the Seventies, Winnipeg. 
Canada, Aug. 1520, 1976. Paper. 4 p. 

The thicknesses of black chrome plated for various times have 
been measured from electron photomicrographs and correlated with 
the solar spectrum absorptance and infrared emittunce as calculated 
from spectral reflectance measurements. The maximum absorptance 
is reached at an average thickness of 0.5 micrometer. The eminence 
increases only slightly up to 1.0 micrometer but increases rapidly at 
thickness above 1.0 micrometer. (Author) 


A77-49161 • ■ Evaluation of flat-plate collector efficiency 
under controlled conditions in a solar simulator. S, M. Johnson and 
F. F. Simon (NASA, Lewis Research Center, Cleveland, Ohio). 
International Solar Energy Society and Solar Energy Society ot 
Canada, Joint Conference on Sharing the Sun. Solar Technology in 
the Seventies. Winnipeg, Canada. Aug. 15-20, 1976, Paper. 19 a g 
rels. 


niu iHL'tnufuu u«erm»i 
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solflf simulator, along with the correlation equations used to 
generalize the data, are presented rn this report The single 
co rrJatron used is shown to apply t0 a || lhe ri ,„ or( , rtt , 8 , 

co cm, s tested, including one with black pamt and one cover one 
w h a elective surface coating and two covers, and an equaled 
“ H J COm,at ' on 15 “>*> mod, fled by 

‘ “J Th ™ T° r5 3 ° f UWn th ° 5 " nul " ! - «* can 
steidwl co crnr ? "" ''^"mentally for a 

” , Ior 'o' the collector shielded area was 31% nf 

rd< " a,l0n aroa - A ««* «•. 

™ axe 


A77-49162 * - Performance correlations of five solar col- 
lectors tested simultaneously outdoors. 0. R. Miller (NASA, Lewis 
Research Center, Cleveland, Ohio). International Solar Energy 
Society and Solar Energy Society of Canada. Joint Conference on 
Sharing the Sun: Solar Technology in the Seventies, Winnipeg 
Canada. Aug. 15-20. 1976. Paper. 25 p. 

Collector thermal efficiency, and efficiency degradation with 
time were measured lor 5 flat-plate solar collectors tested simul- 
taneously in an outdoor solar collector test facility. Results indicate 
that by using collector performance parameters which account for 
diffuse insolation, outdoor data recorded on cloudy' days can be 
used as a measure ot performance, as long as the ratio of direct to 
total insolation exceeds approximately 0.6. These outdoor results 
also show good agreement with thermal efficiency data obtained 
mdoois m a solar simulator. Significant efficiency degradation 
occurred on only one of the five collectors exposed to outdoor 
conditions foi a period of one to two years. (Author) 


A77-4S1e.» • An experimental investigation with artificial 

sunlight of ■ solar hot-water heater. F. F. Simon (NASA. Lewis 
Research Center. Cleveland, Ohio!. International Solar Energy 
Societ)' and Solar Energy Society of Canada, Joint Conference on 
Sharing the Sun Solar Technology in the Seventies. Winnipeg 
Canada. Aug. 15-20, 1976, Paper. 19 p. 8 i els. 

Thermal performance measurements were made of a ."ommerciBl 
solar hot water heater in a solar simulator. The objective ol the test 
WHS to determine basic performance characteristics of u traditional 
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type of fiat-plate collector, with and without side reflectors (to 
increase the solar flux). Duo to the fact that collector testing in the 
solar simulator permits control of the variables that affect collector 
performance, it was possible to obtain information on each of the 
following: (1) the effect of flow and incidence angle on the 
efficiency of a flat-plate collector (but only without side reflectors) 
(2) transient performance under flow and nonflow conditions. (3) 
the effectiveness of reflectors in increasing collector efficiency for a 
zero radiation angte at fluid temperatures required for solar air 
conditioning, and (4) the limits of applicability of a collector 
efficiency correlation based on the Hottci-Whiltier equation ( 1958), 

(Author) 


A77-49164 * Initial operation of a solar heating and cooling 

system in a full-scale solar building test facility. R.H, Knoll D Miao 

(NASA, Lewis Research Center. Cleveland, Ohio!. I. I, Hamlet, and 
R. N. Jensen (NASA, Langley Research Center, Hampton. Va.). 
International Solar energy Society and Solar Energy Society of 
Canada. Joint Conference on Sharing the Son: Solar Technology in 
me Seventies. Winnipeg. Canada. Aug. 15-20, 1976, Paper. 17 p. 

The Solar Building Test Facility (SBTFI located at Hampton, 
Virginia became operational in early summer o! 1976. This facility is 
a mint effort by NASA Lewis and NASA-Langley to advance the 
technology for heating and cooling of office buildings with solar 
energy. Its purposes are loll) test system components which include 
high-performing collectors, (2) test performance of complete solar 
heating and cooling system, (3) investigate component interactions 
and (4) investigate durability, maintenance and reliability of com- 
ponents. The SBTF consists of a 50,000 square foot office building 
modified to accept solar heated water for operation of an absorption 
air conditioner and for the baseboard heating system. A 12,666 
square foot solar collector field with a 30,000 gallon storage tank 
provides the solar heated water. A description of the system and the 
collectors selected is given here, along with the objectives, test 
approach, oxpucted system performance and some preliminary 
[05U|,S - (Author) 


A/ 7-49165 ■ ■ Measured performance of a 3-ton LiBr absorp 
non wator chiller and its effect on cooling system operation. D. 
Namkoong (NASA, Lewis Research Center, Cleveland, Ohm) Inter 
national Solar Energy Society and Solar Energy Society of Canada 

°" S>>i,rin9 thV Slm: Sol ' ,r technology in the 
Seven ties. Winnipeg, Canada. Aug. 15-20, 1976, Paper. 10 p. 8 refs 

" 3 ' tDI ’ ” brolnldB absorption water chiller was tested for 
th rnni, T t.™ "’ valvmB '>ot-water input, chilled water, and 
the hn T J PMm ‘ 1rV inf,L,cnces 011 Chiller capacity were 

L Z inlC ‘ tU " ,p,)ra,u " ! ™tl the cooling water inlet 

" °„e combination of these two parameters extended the 

r: a \r h “ ,25 '“ ° f dUSian capacit V. no combination 
“ ,d IOWlr ca P* ,c "V to below 60% of design. A cooling system 
was conceptually designed so that it could provide several mo^es of 
opeuatiom Such flexibility is needed for any solar cooling sysmrn to 
*° ^commodate the varying solar energy collection and the 
varying budding demand. It is concluded that a 3-ton absorption 
ater chiller with the kind of performance that was measured can bo 
incorporated into a cooling system such as that proposed, to provide 
efficient cooling over the specified ranges of operating conditions, 

(Author) 


N77-10639*# Ynrrinay Electric Corp . Pawcntuck, Conn Electric 
Div 

EVALUATION OF INORGANIC/ORGANIC SEPARATORS 
Final Report 

C Philip Donnol, III Oct 1976 20 p 
(Contract NAS3-18530I 

INASA-CR- 135108) Avail NTIS HC A02/MF A01 CSCL 
10C 

Thirty-six (36) experimental 40AH seated silver zinc cells were 
constructed during phase I ol this two (2) phase program. These 
ceils were divided into six (6) groups of six (6) celis each Each 


group of six (6) cells was evenly divided into two batches of 
three (3) cells each Groups 1 through 4 each featured a 
different inorganic filler material in the slurry used to coat the 
separator substrate Groups 5 and 6 featured an alternate method 
of separator bag construction With the exception of the various 
separator materials, the parts and processes used to produce 
these thirty-six (36) cells were the same as those used to make 
the HR40-7 cell. The two (2) batches of colls in each coll group 
differed only in the lots of solutions and other separator slurry 
components used. Each celt was given two formation charge/ 
discharge cycles prior to being shipped to NASA Lewis Research 
Center. Phase II of the program consisted of constructing another 
thirty-six (36) 40AH experimental cells m six (6) groups of six 
(6) cells each Each group was distinguished by the type of 
precoatod separator material used to fabricate separator bags 
A new method of separator bag construction was used in this 
phase of the program. These ceils were given two (2) formation 
cycles and shipped to NASA Lewis Research Carter Author 


N77-11631*# TRW Defense and Space Systems Group Redondo 
Beach Calif 

FLEXIBLE. FEP-TEFLON COVERED SOLAR CELL MODULE 
DEVELOPMENT Final Report 

H. S Rauschenbach and M. D Cannady 13 Oct 1976 158 p 
refs 

(Contract NAS3- 167421 

(NASA-CR- 135109. TR-22353-6001-RU-00) Avail NTIS 
HC A08/MF A01 CSCL 10A 

Techniques and equipment wore developed fpr the large scale, 
low cost fabrication of lightweight, roll-up and fold-up FEP- Teflon 
encapsulated solar cell modules Modules were fabricated by 
interconnecting solderless single-crystal silicon solar colls and 
heat laminating them at approximately 300 C between layers of 
optically clear FEP and to a loadbearing Kaptan substrate sheet 
Modules wore fabricated from both conventional and wraparound 
contact solar cells. A heat seal technique was developed tor 
mechanically interconnecting modules into an array The olectrical 
interconnections for both roll-up and fold-up arrays were also 
developed The use of parallel-gap resistance welding, ultrasonic 
bonding, and tharmocomprossion bonding processes for attaching 
interconnects to solar cells were investigated Parallel-gap welding 
was found to be best suited for interconnecting tho solderless 
solar colls into modules Details of the fabrication equipment 
fabrication processes, module and interconnect designs, environ 
mental test equipment, and test results are presented Author 


N77-12510 § Dynatech R/0 Co.. Cambridge, Mass 

THERMAL ENERGY STORAGE MATERIAL THERMOPHYSI- 
^.~ R0PERTV MEASUREMENT AND HEAT TRANSFER 
IMPACT 

R P Tye. J G Bourne, and A. 0. Destarlais II Aug 1976 
98 p refs 

(Contract NAS3-19716) 

(NASA-CR- 135098, Rept-1503) Avail- NTIS 

HC A05/MF A01 CSCL 10A 


The thermophysical properties of salts having potential for 
thermal energy storage to provide peaking energy in conventional 
electric utility power plants were investigated The power plants 
studied were the pressurized water reactor, boiling water reactor, 
supercritical steam reactor, and high temperature gas reactor 
Tho salts considered wore l.iN03, 63UOH/37 LiCI eutectic. UOH, 
and Na2B407 The thermal conductivity, specific heat (including 
latent hBat of fusion), and density of each salt wore measured 
for a temperature range ol at least * or - 100 K of tho measured 
melting point Measuremants were made with both reagent and 
commercial grades of each salt. Author 
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N77-13S32*# Genetnl Elucti.c Co PhitaHolphia. Pa Space 

definition study fob photovoltaic residential 

Landes, and William P. Ko.n.umpl Sep. 

1978 271 P i«ts 

photovoltaic systems performance and mac ^ (QUr sa ,. oled 

A parametric sensitivity ™^ v *‘*^** Sloped for (our different 
site locations. Analytical modal . . Us i nQ model which 

power system system implementation the 

S£ 2S& » ^«p5f snrrr s 

reported ID solar roof 5 '°P* ^'^J^V^^ 'f s.ri.s cells m 
series cells in the s0,ar * r *Y batterv s i ie For e Cleveland site 
,he lead-acid batterv. and (3)^617*.^ with a 

location, a system with no on excess power 

maximum powar trackine mverta greater net system 

to the utility was 3h ^ n !^ s ;, 9 m P Thr«p^ment test pi... 

rats, .vss ~~ ^.r i gri 

the date display panel for the residence e.e discussed 


KSS 1 s» fo^'^n^tovoltaSc^residential 
PROTOTYPE SYSTEM FW (Btooks 

asrss: sn£ a ^ se P . 

1976 303 p refs 

1nASA.CR N 13^056 76 M 8 CR-76 394. EROA/NASA-19768, Avail 

nt,s a sssMyaa ^,,^,00 

design is presented. A computer P'°a'am “n » 9 h ' ed 

irradiance. solar array, endenergy and “he 

ro,mspoX :::: 

efficiency The baseline PST selected is c ^ (h[Be 

133 sg m solar a««V. »» ampere^ ^ ^ ^ upper , 

nverters, and a full snum B . . at „ m is recommended 

ai-sy voltage A minic^puter c J* ¥ and data acqu «stt»or» 

\o i*»rovida the overall control. P nhotovoltaic 

raquiraments. Architectural rondemgs o : oundi 

^•-=i s HS:rr; 
s isitts s&st s ■ 

land use, 


N77-1MM*# SP^'^^i^'/ioDE^ELOP PROCESSING 
A PROGRAM CONTINUATION TO DEWLU CELL S 

TPS^S^JSSST^ « ..* 

SSS^’irU. NTIS HC AQ3/MF A01 CSCL 
'^Shallow junottatw mS* ‘he 

rS^^dTZn nomine, ten ohevcro silicon and 


,h. remainder from nominal 30 °".f!c«ncy'^ ,, U «Toi 

HSSrScW=‘*= 


N77-16492*# S^oe^H^FEASmiU^OF AUTOMATED 

5flS ST 80tiRCE 0 LL S SS'K Report 

?VS,fan^W E Tavto. Aug 1976 54 p 
1 C NASA C CR N 13 S 509| 566 ' Rept-3884-FRI Avail. NTIS 

HC JSItSTi 2SST— indicate the, for an — 
uutpu, of * ™ -Us 

wdhH% S et,lncy at AMO intensity (I3S3 watts P- 
"-r,. this annual I— on rate is ^ 

„nd a manufacturing cost of S , oparatotl , 0 produce 

a senesTdemonstmtion runs p.oducng hexagonai cefls.^x 
2 cm culls and 2 x 4 cm cells 


aSSS SS™ SILICON PHOTOVOLTAIC 

CELL MANUFACTURE Final Report 

M B Field Jan 1977 22 p 

(Contract NAS3 19441, AO^/MF AO, CSCL 

(NASA-CR- 1351 341 Avail NTIS HC AU-/wr 

10A Th,ck film technology ,s applicable to three atea, > 
solar cull fabrication, metalliiatlon. lunction formation, andcoa ng 
on atom ion Of screened ohmic contacts, particularly wrap around 
contacts interconnection and environmental protection. Both 
matena, and to the 

processing parameters of firing time, tompernturo, and atmosphere^ 
W? a ra mmd contacts am easily achieved by fust ptmting and 
I ~ ! Hmlnrtnc over the edge and subsequently applying a 
lowering temperature conductor Interconnection of cells into 
arrays can be achieved by printing and coining thick film motal 
castes soldering or with heat curing conductive epoxies on 
low cost substiates Fumed Ithickl film vitreous protection coatings 
do not Y 0 t Offer sufficient optical uniformity and transparency 
lo, use on silicon A sprayed heal curable Si02 based les n 
shows piomise of providing both optical matching and environmen- 
tal protection 


S^ - W^'S£w« Sr^Ho ....or 

5 n M »vr s“n se , 

i 9 J 6 n m-. 0 U .-1 A... » 1 IS 

HC Hama,fvo’deS,on 0A of all key elements "fa complete 
wind energy system computer a nal ysis cc > a i is pl ' |S , jcs 

analysis system add.essos the coup tad ^ [Qtor 

TmVdprn R= S 5 — and "g* 

S-Vema. mXand conclusions denved from these studies 
are presented. 


rSU- » P « C. 1 VO... 

Aug. 1976 365 p refs 
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(Contract NAS3- 15347) 

I NASA -CR -135 158; AiResaarch- 75- 1 2055) Avail N7IS 
HC A16/MF A01 CSCl 10B 

Tha following five tasks designed to advancs this devalopmam 
of heat exchanger svstams for close loop Brayton cycle power 
systems are presented' (11 heat transfer and pressure drop data 
for a finned tubular heat transfer matrix. The tubes are arranged 
m a triangular array with copper stainless steel laminate strips 
helically wound on the tubes to form a disk fin geometry: (2) 
tho development of a modularized waste heat exchanger Means 
to provide verified double containment aie described; (31 the 

reml2S:„ , ini c J ,, i 0 . n i*i? d tB f‘ can,nacl »'»«« heat exchangers 
representative of full scale Brayton cycle recuperators. (4) the 

analysiSpand design of bellows suitable for operation at 180Q F 
and 200 psia tor 1,000 cycles and 50,000 hours creep life 

SC ' e " 5n,nB ,BSIS used to *•'«:* a low coat braie alloy 
with the desirable attributes of a gold base alloy A total of 
2Z different alloys were investigated. the (mat selection was 
microbraz 30 Author 


N77-215BB*# Kentucky Univ . Lexington College of Engineer 

PROCESS SENSITIVITY STUDIES OF THE WESTINGHOUBE 
SULFUR CYCLE FOR HYOROGEN GENERATION - 

R H Catty K E Cox (New Mexico Urov Albuquorquol, J E 
Funk M A Soliman (Riyadh Univ. Saudi Arabial W L Conger 
L E Btochor IWaslmghouse Res Labs . Pittsburh). and S Spewock 
(Westinghouse Res tabs . Pittsburgh) In Miami Univ First 
World Hydrogen Energy Conf Proc . Val I Mar 1976 12 p 

refs (For primary documont see N77 21552 12 44) r 

(Contract NAS3- 18934) 

Avail NTIS HC A99/MF AOt 

The ellect of variations of acid concentration, pressure, and 
temperature on the thermal process efficiency of the Westinghouse 
sulfur cycle was examined using the HYDRGN program 
Modifications to tho original program were made to •duplicate 
the piocess flowsheet and take into account combined cycle 
heat-to-wark efficiencies for electrochemical work requirements, 
aq rous solutions, and heat-ol-mixing effects A total of 125 
process variations were considered (ac.iJ concentration 50- 
90 w f o. pressure 15-760 psia. temperature 922K 1366K) 

The methods of analysis, results, and conclusions ate presented 

Author 


N77-216B9*# Westinghouse Electric Corp Pittsburgh Pa 

HYDROGEN PRODUCTION BY WATER DECOMPOSITION 
USING A COMBINED ELECTROLYTIC THERMOCHEMICAL 
CYCLE 

G H Farbman and L E Brechur to Miami Umv First World 
Hydrogen Energy Coni Proc.. Vol 1 Mar 1976 22 p rots 

(For primory document see N77 21552 12-441 
(Contract NAS3 18934) 

Avail NTIS HCA99/MFAC1 

A nuclear water decomposition plant was designed which 
produces electrolyticallv pure hydrogen at the rate of about 
380 million SCF per day and acquires electric power and thermal 
energy from a VHTR system of about 3345 MWt The system 
is based on the use of sulfur compounds in a hybrid electro- 
lytic ■ thormochemical cycle, the sulfur cyclo water decomposi- 
tion system Electric power and heat me used for tho electrolytic 
production of hydrogen and a thermochomica! step which closes 
the cycle and produces oxygen The combined process operates 
at an overall thermal efficiency in excess of 45 percent, including 
the power requirements for plant auxiliaries The overall economics 
of hydrogen production by this method were compared to 
conventional water electrolysis and coal gasification Costs 
prepared on a consistent set of economic ground rules, are 
presented It vvas concluded that nuclear water decomposition 
plants of the type described show great promise of economic 
superiority m tho lime ponod for which they can practically be 
devolopuri and put into operation, ip the 1990s. Author 


N77-2 1 602*# Dow Chemical Co Walnut Creek Cali? 

THE EVELOPMENT OF A POTASSIUM SULFIDE GLASS 
FIBE CELL AND STUDIES ON IMPURITIES fN ALKALI 
METAL-SULFUR CELLS 

F Y Tseng Jan 1977 35 p refs 
(Contract NAS3- 18525) 

(NASA-CR 135144) Avail NTIS HC A03'MF 4 01 CSCl 
10A 

Potassium sulfur rechargeable cells having as the electrolyte 
the thin walls of hollow glass fibers made from permeable glass 
were developed Tho colls hed short lives, probably due to me 
construction materials and impurities in tho potassium The effect 
of the impurities in the analogous NA-S system was studied 
Calcium ootassmm and NaOHr oxide impurities caused increased 
resistance or corrosion of the glass fillers For long liven cell 
operation, tho Na must contain loss than 1 ppm C.i and less 
lhan a few ppm ql hydroxide, oxide Up to 150 ppm K can be 
tolerated Alter purification of tho No anolyte coll lifetimes n 
excess of 1000 deep charge-discharge cycles or over 8 months 
on continuous cycling at 10 30 percent depth of discharge were 
obtained Authot 
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ff • • -e.iwuiHiva, Hit, , -lUHliyytmi, L.ailJ’. 

AOVANCEO THERMIONIC ENERGY CONVERSION: JOINT 


HIGHLIGHTS Sutu* Report 

May 1976 22 p 
(Contracts NAS3-19861. E(11-1)-2263) 
INASA-CR 152955, TtD 2720QI 
HC A02/MF A01 CSCL 10a 


Avail 


NTIS 


A theoretical modal was used to study the effects of structured 
electrodes on converter l-V characteristics and tesults are given. 
An auxiliary-ion-source mode operated as a plastnatron wes used 
for studying the enhancement distribution and magnetic effects 
and results are reported Design features uf tho high current- 
lero power tZEPQ) converter tests are given ERA 


N77-2B633*# Giner. Inc . Waltham Mass 

SCREENING OF REDOX COUPLES AND ELECTROOE 
MATERIALS Final Report 

J Giner. L Swette. and K Cahill Sep 1976 120 p refs 

Sponsored in part by ERDA 
(Contract NAS3- 19760) 

INASA-CR 1347051 Avail NTIS HC A06/MF A01 CSCL 
IOC 

Electrochemical parameters of selected redox couples that 
might be potentially promising for application in bulk energy 
storage systems wore investigated This was earned out m two 
phases a broad investigation of tho bas.c characteristics and 
behavior of various redox couples, followed by a more limited 
investigation of their electrochemical performance in a redox flow 
reactor configuration In the first phase of tha pre-gram, eight 
redox couples wero evaluated under a variety of conditions m 
terms of thou exchange current densities as measured by the 
rotating disk electrode procedure Tho second phase of the program 
mvolvad the testing of four couples in a rodox reactor under 
flow conditions with a vanty of electrode materials and struc- 


N77-26628 # Westinghouse Research Labs. Pittsburgh, Pa 
ENERGY CONVERSION ALTERNATIVES STUDY (EGAS) 
PHASE 2. VOLUME 1; SUMMARY AND COMBINED 
GAS-STREAM TURBINE PLANT WITH AN INTEGRATED 
LOW-BTU GASIFIER Final Report 
D T Beecher 1 Nov. 1976 497 p refs 
(Contracts NAS3-19407. E|49- 18)- 1751 . Grant NSF AG 651) 
(NASA-CR- 134942-Vol-l. Rept-76-9E9-ECAS-R2 Vol-1) Avail 
NTIS HCA21/MFA01 CSCL 1 OB 

A parametric analysis ol onergy conversion concepts using 
coal or coal derived fuels is presented Conceptual plant dengna 
ware formulated for three advanced power conversion concepts. 
Ilia combined gas steam turbine cycle whose gas turbines are 
air cooled, and burn a low Btu gas from coupled pressurized 
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fluidized bed gasiheis, (21 a combined gas steam turbine cycle 
whose gas turbine expanders contain ceramic elements and burn 
a semiclean coal derived liquid Irom the H coal process, and 
(3) an advanced steam plant whose steam is pressurised fluidized 
bad boilers A detailed analysis of performance, plent layout, 
capital cost, cost of electricity, natural resource requirements, 
and emissions of the three advanced concepts is also included 

as 


J C Corman, A S Robertson, R D Stewart. T A. V Canal, 
and G G Johnson Dec 1976 97 p refs 
(Contracts NAS3 19406. 6(49- 161- 1751 Grant NSF AG-5511 
(NASA-CR- 134949-Vol-2-Pt- 1 . SRO -76-064 2-Vol-2-Pt-1) 
Avail: NTIS HC A05/MF A01 CSCL 108 
For abstract, see N77-26631 


' *•77-26829*# Westinghouso Research Labs. Pittsburgh Pa 
»;•>«» CONVERSION ALTERNATIVES STUDY (EGAS), 
2: 8UMMA " V *NO COMBINED 

TURBINE PLANT USING COAL DERIVED 
LIQUID FUEL Final Report 
D T Beecher IS Oct t976 334 p refs 
(Contracts NAS3-19407. EI49-18I 1751: Gram NSF AG-551) 
INASA-CR- 134942-V01-2. Rept-76-9E9-ECAS-R2-Vol-2) Avail 
NTIS HC A15/MF A01 CSCL 10B 
For abstract, see N77-26628 


N77-26633*# Geneial Electric Co . Schenectady N Y 

ENEROV CONVERSION ALTERNATIVES STUDY (ECAS), 
2 - VOLUME 2: ADVANCED ENERGY CONVERSION 
SYSTEMS - CONCEPTUAL DESIGNS. PART 2: CLOSED 
TURBINE CYCLES Final Report 

D. H Brown. B D Pomeroy, and R P Shah Dec 1976 
274 p refs 

(Contracts NAS3-T9406. EI49- 181- 1751 . Grant NSF AG-6511 
INASA-CR 134949 Vol-2-Pt 2; SRD-76-064-2-Vol-2-Pt-2) 
Avail NTIS HC A12/MF A01 CSCL 108 
For abstract, see N77-26631 


N77-2M30 1 # Wostinghouse Research Labs . Pittsburgh Pa 

ENERGY CONVERSION ALTERNATIVES STUDY (ECAS) 
PHASE 2. VOLUME 3: SUMMARY AND ADVANCED 

STEAM PLANT WITH PRESSURIZED FLUIDIZED BED 
BOILERS Final Report 

D T. Beecher 1 Nov 1976 398 p refs 
(Contracts NAS3 19407. EI49-18I 1 751 . Grant NSF AG-551! 
INASA-CR 134942-Vol 3: Rept-76 9E9 ECAS-R2-Vol-3) Avail 
NTIS HC A17/MF A01 CSCL 100 
For abstract, see N77-26628. 


N77-26634*# General Electric Co.. Schenectady. N.Y. 

ENERGY CONVERSION ALTERNATIVES STUOY (ECAS), 
PHASE 2. VOLUMF2: ADVANCED ENERGY CONVERSION 
SYSTEMS - CONCEPTUAL DESIGNS. PART 3: OPEN 

CYCLE GAS TURBINES AND OPEN CYCLE MHD Final 
Report 

L P Harris and R P Shah Dec 1976 277 p refs 
(Connect NAS3- 19406: £149-18)1751; Gram NSF AG-551) 
INASA-CR- 1 34949- Vol-2-Pt-3. SRD 76-064 2-Vol-2-Pt-3) 
Avail NTIS HCA13/MFA01 CSCL 1 OB 
For abstract, see N77-26631 


N77-26631*# General Electric Co. Schenectady. NY 

ENERGY CONVERSION ALTERNATIVES STUOY {ECAS). 
PHASE 2, VOLUME 1; EXECUTIVE SUMMARY Final 
Report 

J C Corman and G. R Fox Dec 1976 54 p refs 
(Contracts NAS3 19406. EI49-18I 1751 . Grant NSF AG -55 II 
INASA-CR 1 34949-VoM. SRD-76 064-l-Vol 1) Avail NTIS 
HC A04/MF A01 CSCL 10B 

A data base tor the comparison of advanced energy conversion 
systems foi olectnc utility bnseload applications using coal or 
coal-derived fuels was developed. Conceptual designs wore 
developed for seven systems to permit estimates of power plant 
efficiency, capital ^cost. environmental intrusion characteristics, 
natural resource requirements, and cost of electricity at an 
assumed capacity factor of 65% The systems studied ware 
advanced steam with atmospheric fludizod bed [A FBI and 
pressurized fluidized bed IPF0) heat input subsystems, a closed 
helium gas turbine (organic bottoming) with an AFB, a potassium 
topping cycle with a PFB. a combined cycle gas tutbine--water 
cooled -burning a coal-derived liquid fuel, a combined cycle gas 
tutbine-air cooled- -integrated with LBtu gasification, and an open 
cycle MHO system An emissions limit target was specified for 
the power plant conceptual designs A steam power plant 
(3,500 psig/ 1000 F/ 1(700 F) with a coal-burning radiant furnace 
and a wet time stack gas scrubber (stack reheat to 250 F). 
analyzed in a study using the same gtoundrules as ECAS. were 
used as references for comparison All of the systems exhibited 
an estimated efficiency better than the 32% reference case, Five 
of the systems showed a lower cost of electricity than the 
39.8 initls/kWh reference case Development plans and cost 
estimates were prepered for the energy conversion portion of 
the respective systems An implementation assessment was 
performed to estimate tha potential applicability of the advanced 
energy conversion systems in electric utility generation systems 

Author 


N77-26632*f|f General Electric Co . 5chenectady. N Y. 

ENERGY CONSERVATION ALTERNATIVES STUDY (ECAS). 
PHASE 2: VOLUME 2: ADVANCED ENERGY CONVERSION 
SYSTEMS. - CONCEPTUAL DESIGNS. PARTI: ANALYTI- 
CAL APPROACH Final Report 


N77-2663S*# General Electric Co . Schenectady. N.Y. 

ENERGY CONVERSION ALTERNATIVES STUOY IECAS). 
PHASE 2. VOLUME 2: ADVANCED ENERGY CONVERSION 
SYSTEMS: CONCEPTUAL DESIGNS. PART 4: SUMMARY 
OF RESULTS Final Report 

D H Brown. J C Corman. G G Johnson. W J MacFarland 
B D Pqmeroy. and D A Woodford Dec. 1976 92 p refs 

(Contracts NAS3-19406. E(49 18). 1 75 1 . Grant NSF AG-5511 
(NASA-CR 134949-Vol 2-Pt 4, SRD - 76-064- 2- Vol 2 -Pt-4l 
Avail NTIS HC A05/MF A01 CSCL I0B 
For abstract, see N77-26631 


N77-26636*| General Electric Co . Schenectady. N Y 

ENERGY CONVERSION ALTERNATIVES STUDY (ECAS). 
PHASE 2. VOLUME 3: RESEARCH AND DEVELOPMENT 
PLANS AND IMPLEMENTATION ASSESSMENT Final 
Report 

R. R Bass. D H Brown. J. C Corman. L P Harris. B 0 
Pomeroy, and R P Shah Dec 1976 347 p refs 
(Contracts NAS3-19406, EI49-18M751. Grant NSF AG-551) 
(NASA-CR- 134949-Vol-3: SRD-76-064-3) Avail NTIS 

HC A15/MF A01 CSCL 10B 
For abstract, see N77-26631 


N77-2B637*# United Technologies Corp., South Windsor. Conn 

ENERGY CONVERSION ALTERNATIVES STUDY (ECAS). 
PHASE 2. INTEGRATED COAL GASIFIER/MOLTEN 
CARBONATE FUEL CELL POWERPLANT CONCEPTUAL 
DESIGN AND IMPLEMENTATION ASSESSMENT Final 
Report 

J M King t9 Oct 1976 171 p refs Prepared in cooperation 
with Bums and Roe. Inc and the Inst of Gas Technol 
(Contract NAS3-19586) 

INASA-CR 134955. FCR-02371 Avail NTIS 

HC A08/MF A01 CSCL 10A 
For abstract, see N77 -26631 
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N77-274M'| Waitingtiouse Electric Cotp , Lestet. Pa Genera- 
tion Systems Div 

ANALYTICAL INVESTIGATION OF THERMAI HARRIER 
COATINGS ON ADVANCED POWER GENERATION QAS 
TURBINES 

D J Amo* Mar. 1977 110 p refs 
(Contract NAS3 19407) 

INASA-CR-135146, EM-1636) Avail NTIS HC A06/MF A01 
CSCL 10B 

An analytical investigation nf present and advanced ga* turtw na 
power naneration cycles incorporating thermal barrier turbine 
component coatings was peifarmed. Approximately SO parametric 
points considering simple, recuperated, and combined cycles 
(including gasification) with gas turbine inlet temperatures from 
current levels through 1644K (2500 F) were evaluated The 
results indicated that thermal barriers would be an attractive 
means to improve performance and reduce cost of electricity 
for these cycles A lecommendcd thermal barrier development 
program has been defined Author 


N77-2749t*|l tinned Technologies Cotp . South Windsor. Conn 
Powei Systems Div 

THERMAL BARRIER COATING ON HIGH TEMPERATURE 
INDUSTRIAL GAS TURBINE ENGINES Final Report 

Nils Carlson and Barry l Stoner (Pratt and Whitney Aircraft 
East Harford, Conn) Feb 1977 60 p 
(Contrects NAS3 20067. el49-28>- 10221 
i NAS A-CR- 135147. ERDA/NASA 0067/77/ 1 ; PSD-R-1091 
Avail NTfS HC A04/MF A01 CSCL 10B 

The thermal barrier coating used was a yttna stabilized 
zircoma material with a NiCrAlY undercoat, and the base engine 
used to establish improvements was the P&WA FT50A-4 industrial 
gas turbine engine The design benefits of thetmal barrier coatings 
include simplified cooling schemes and the use of conventional 
alloys in the engine hot section Cooling flow reductions and 
unproved heating rates achieved with thermal barrier coating 
result in improved performance Economic benefits include reduced 
power pioduchon costs and reduced fuel consumption Over the 
30.000 hour life of the thetmal hairier coated parts, fuel savings 
equivalent to S5 million are projected and specific power 
(megawatts /mess of engine airflow) improvements on the order 
of 13% ato estimated Author 


N77-2S6SS*||i Rasor Associates. Inc . Sunnyvale. Calif 

THE PLASMATRON: ADVANCED MODE THERMIONIC 

ENERGY CONVERSION 

L K Hansen. G L. Hatch, and N. S Rasor Nov 1976 66 p 
refs 

(Contract NAS3- 19861) 

INASA-CR 135139. NSR-5-II Avail: NTIS HC A04/MF A01 
CSCL 10A 

A theory of the plasmatron was developed Also, a wide 
range of measurements were obtained with two versatile, research 
devices To gam insight into plasmatron performance, the 
experimental results aie compared with calculations based on 
the theoretical model of plasmatron operation. Results are 
presented which show that the plasma ate drop of the conventional 
arc (ignited) mode convener can be suppressed by use of an 
auxiliary ion source. The improved perfomiance. however, is 
presently limited to low current densities beceuse of voltege 
losses due to plasma resistance. This resistance loss could be 
suppressed by an increase in the plasma election temperature 
or a decrease in spacing Plasmatron performance characteristics 
for both argon and cesium are reported. The argon plBsmatron 
has superior performance Results are also presented for magnetic 
cutoff effects and for cuitent distributing effects. These are shown 
to bo important factors for the design of practical devices. 

Author 


INASA-CR- 135233. Ropt-380-6240) Avail NTIS 

HC A05/MF A01 CSCL 10A 

A space silicon solar cell assembly (cell and qqvuiglass) 
specification aimed at standardizing the diverse requirements of 
current coll or assembly specifications was developed This 
specification was dusignud to mininuzti both the procurement 
and manufacturing costs for space qualified silicon solar cell 
assemblies In addition, an impact analysis estimating the 
technological and economic effects of employing a standardized 
space silicon solar cell assembly was performed Authoi 


N77-30610*d’ Energy Research Corp , Danbury. Conn 

FABRICATION AND TESTING OF LARGE SIZE NICKEL- 
ZINC CELLS 

Martin Klein Apr 1977 62 p rof 
(Contract NAS3 19416) 

INASA-CR 1352001 Avail NTIS HC A04/MF A01 CSCL 
IOC 

The design and construction of nickel zinc culls, containing 
sintered nickel electrodes and asbestos coaled inorgimc separator 
materials, weie outlined Negative eloctiodos woio prepared by 
a diy pressing process while various inter-separators were utilized 
on the positive electrodes consisting of noivwoven nylon, 
iron-woven polypropylene, and asbestos Author 


N77-31*13*f Raytheon Co Wayland. Mass Microwave and 
Powor Tubo Div yuc 

ELECTRONIC AND MECHANICAL IMPROVEMENT OF THfc 
RECEIVING TERMINAL OF A FREE-8PACE M1CSOWAV* 


POWER TRANSMISSION SYSTEM 

William C Brawn 1 Aug 1977 158 p refs 
(Contract NAS3-19722) 

(NASA-CR-135194; PT-4964) Avail. NTIS HC A08/MF A01 
CSCL 10A 

Significant advancements were made in a number of areas, 
improved efficiency of basic receiving element at low power 
density levels, improved resolution and confidence m efficiency 
measurements mathematical modelling and computer simulation 
of the receiving element and the design, construction, and testing 
of an environmentally protected two-plane construction suitable 
for low cost, highly automated construction of laige receiving 
arrays Authoi 


N77-326S0*# Spectrolab, Inc., Sylmar. Calif. 

AUTOMATED FABRICATION OF SACK SURFACE FIELD 
SILICON SOLAR CELLS WITH SCREEN PRINTED WRAP- 
AROUND CONTACTS Finol Report 

J W. Thornhill Aug 1977 49 p 
(Contract NAS3-20029) 

(NASA-CR- 1 35202: Rept-380-53131 Avail: NTfS 

HC A03/MF AO I CSCL 10A 

The development of a process for fabncating 2x4 cm 
back surface field silicon solar calls having screen printed 
wraparound contacts is described This process was specifically 
designed to be amenable for incorporation into the automated 
nonvacuum production line. Techniques were developed to permit 
the use of screen printing for producing improved back surface 
field structures, wraparound » .electric layers, and wraparound 
contacts. The optimized process sequence was than used to 
produce 1852 finished cells Tests indicated an average conversion 
efficiency of 1 1% at AMO and 28 C. with an average degradation 
of maximum powei output of 1,5% after boiling water immersion 
or thermal shock cycling Contact adherence was satisfactory 
after these tests, as well as long taim storage at high temperature 
and high humidity. Author 


N77-29604*# Spuctrolab. Inc . Sylmar. Calif 

DEVELOPMENT OF STANDARDIZED SPECIFICATIONS 
FOn SILICON SOLAR CELLS Final Contractor Report 

John A Scott-Monck Aug 1977 83 p refs 
(Contract NAS3- 194401 


N77-32SS2*| Thermo Electron Corp.. Waltham. Mass. 

HIGH EFFICIENCY THERMIONIC CONVERTER STUDIES 
Technical Rapott. 1 Jul. 1B7S • 30 Apt. 1S77 

F. N. Huffman. A. H Sommer. C. L Bslattra. T. R. Briara. 0. P. 
Uab. P E. Oattlngar. and D. B Goodala Jul 1977 98 p raf* 
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(Contract NAS3-20302) 

(NASA-CR- 135263; TE-4233- (52-77) Avail: NTIS 

HC A05/MF A01 CSCL 10A 

Research in tharmionic anargy convartion technology is 
reported The objectives wars to produce converters suitable for 
usa in out of core space reactors, radioisotope generators, end 
solar satellites. The development of emitter electrodes that operate 
at low cesium pressure, stable low work function collector 
electrodes, and more efficient means of space charge neutralization 
were investigated to im .rove thermionic converter performance. 
Potential improvements in collector properties were noted with 
evaporated thin fitn. barium oxide coatings. Experiments with 
caeium carbonate suggest this substance may provide optimum 
combinations of cesium and oxygen for thermionic conversion 

Author 


N77-33B08*# Exxon Research and Engineering Co . linden 
N J Government Research Labs 

REDOX BULK ENERGY STORAGE SYSTEM STUDY. 
VOLUME 1 Final Report. IS Feb. tS7S - 30 Jan. 1S77 

G Ciprios. W Erskine. Jr. and P G Grimes 10 Feb 1977 
200 p refs 2 Vol. 

(Contract NAS3- 19776) 

(NASA-CR 135206 Vol 1; EXXON/GRU 1BH 77 Vol-1) Avail 
NTIS HC A09/MF A01 CSCL tOB 

Opportunities were found for electrochemical energy storage 
devices m the U S electric utility industry Application require- 
ments for these devices were defined, including techno-economic 
factors A new device, the Redox storage battery was analyzed 
The Redox battery features a decoupling of energy storage and 
-power conversion (unctions General computer methods were 
developed to simulate Redox system operations These studies 
showed that the Redox system is potentially attractive if certain 
performance goals can be achieved Pathways for reducing the 
cost of the Redox system were identified Author 


N77-33B0t*fl! Exxon Research and Engineering Co Linden 
N J Government Research Labs 

REDOX BULK ENERGY STORAGE SYSTEM STUOV. 
VOLUME 2 Final Report. IB Fob. 197S • 30 Jon. 1977 

G Ciprios, W Erskine. Jr., and P G Grimes 10 Feb 1977 

549 p refs 

(Contract NAS3- 19776) 

(NASA-CR- 135206-Vol-2. EXXON/GRU 2BH 77-Vol-2) Avail 
NTIS HC A23/MF A01 CSCL 10B 
For abstract, see N7 7 -33608 


A77-12791 • Nuclear driven water decomposition plant for 

hydrogen production. G. H. Parker, L E. Brcchcr, and G. FI. 
Farbman (Westinghouso Electric Corp.. Advanced Energy Systems 
Dlv., Pittsburgh, Pa.). In: Intersociety Energy Conversion Engi- 
neering Conference, 11th, State Line, Nov., September 12-17, 1976, 
Proceedings. Volume 2. (A77-12662 02-44) New York. American 
Institute of Chemical Engineers, 1976. p. 1095-1101. Contract No. 
NAS3- 18934. 

The conceptual design of a hydrogen production plant using a 
very-high-temporature nuclear reactor (VHTR) to energize a hybrid 
electrolytic thermochemlca! system for water decomposition has 
been prepared. A graphite moderated helium-cooled VHTR is used to 
produce 1850 F gas for electric power generation and 1600 F process 
heat for the water-decomposition process which uses sutfur com- 
pounds and promises performance superior to normal water elec- 
trolysis or other published thermochomical processes. The combined 
cycle operates at an overall thermal efficiency in excess of 45%, and 
the overall economics of hydrogen production by this plant have 
been evaluated predicated on a consistent set of economic ground 
rules. The conceptual design and evaluation efforts have Indicated 
that development of this type of nuclear-driven water-decomposition 
plant will permit large-scale economic generation of hydrogen in the 
1990s. (Author) 
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A77-12BB2 * Advanced thermionic converter development. 

F. N, Huffman, D. Lieb, T. R. Briere, A. H. Sommer and F. Rufeh 
(Thermo Electron Corp., Waltham, Mass.). In: Intersociety Energy 
Conversion Engineering Conference, 11th, Stale Line, Nev.. 
September 12-17, 1976, Proceedings. Volume 2. (A77-12662 07-44) 
New York, American Institute of Chemical Engineers, 1976, p. 
1645 1651. 6 refs. Contracts No. EI1M 1-3056; No. NAS3-19866. 

Recent progress at Thermo Electron in developing advanced 
thermionic converters is summarized with particular attention pair 
to the development of electrodes, diodes, and triodes. It is found 
that one class of materials (ZnO, BaO and SrO) provides interesting 
cesiated work functions (1.3-1.4 oV) without additional oxygen. The 
second class of materials studied (rare earth oxides and hexaborides) 
gives cesiated/oxygenated work functions of less than 1,2 eV. Five 
techniques of oxygen addition tc thermionic converters are 
discussed. Vapor deposited tungsten oxide collector diodes and the 
reflux converter arc considered. B.J. 


A77-33363 * Heat transfer analysis d( metal hydrides in 

metal-hydrogen secondary batteries. M. Onischak, D. Dharia (Energy 
Research Corp., Danbury, Conn. I, and D. Gtdaspow HIT Institute ol 
Gas Technology, Chicago, 111.). In: World Hydrogen Energy Con- 
ference, 1st, Miami Beach, Fla., March 1-3, 1976, Proceedings. 
Volume 2. (A77-33326 14-44) Coral Gables, Fla., University of 
Miami; New York, Pergamon Press, 1976, p. 7B-37 to 7B-5;\ 
Contract No. NAS3-18557. 

The heat transfer between a metal-hydrogen secondary battery 
and a hydrogen-storing metal hydride was studied. Temperature 
profiles of the endothermic metal hydrides and the metal-hydiogen 
battery were obtained during discharging of the batteries assuming 1 
adiabatic system. Two hydride materials wore considered in In 
physical arrangements within the battery system. In one case the 
hydride is positioned in a thin annular region about the battery 
stack; in the other the hydride is held in a tube down the center of 
the stack The results show that lor a typical 20 ampere-hour battery 
system with lanthanum pentaniekol hydride as the hydrogen reser- 
voir the system could perfoim successfully. (Author) 


A77-37960 * Future trends in electrical energy generation 

economics in the United States. R. W. Schmitt. G. R. Fox, R, P. 
Shah, P. J. Stewart, and D. A. Vermilyea (General Electric Co,. 
Schenectady, N.Y.). Ministry for Electrics/ Engineering Industries of 
USSR and Academy of Sciences of USSR. World Electrotechnical 
Congress, Moscow. USSR. June 21-25. 1977. Paper. 49 p. 7 rels. 
Contract No. NAS3-19406. 

Developments related to the economics of coal-fired systoms in 
the U.S. are mainly considered. The historical background of the 
U.S. electric generation industry is examined and the U.S. electrical 
generation characteristics in the year 1975 are considered. It is 
pointed out that coal-fired power plants are presently the largest 
source of electrical energy generation in the U.S. Questions concern 
ing the availability and quality ol coal are investigated. Currently 
there arc plans far converting same 50 large oil and gas-iired 
generating plants to coal, and it is expected that coni will be the fuel 
used in almost all fossil-fired base load additions to generating 
capacity. Aspects ol advanced energy conversion from coal are 
discussed, taking into account the performance and economic 
potential of the energy conversion systoms. G.R. 


A77-38211 * Conceptual design of a parabolic dish solar 

collector using simulation techniques. B. P. GvJta and R. L. 
Buchholz (Honeywell Energy Resources Center, Minneapolis, Minn.). 
In: Modeling and simulation. Volume 7 Proceedings of the Seventh 
Annual Pittsburgh Conference, Pittsburgh, Pa.. April 26, 27, 1976 
Part 1, (A77-38176 17-66) Pittsburgh. Pa., Instrument Society of 
America, 1976, p. 646-650. Contract No. NAS3-19740. 

The development of solar concentrators in recent years have 
produced a wide variety of collectors for tire utilization of solar 
energy. This paper presents the simulation techniques used to predict 
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the optical and thermal performance of a paraboloid of revolution 
type solar collude.' Conceptual design ol a dish concentrator With a 
fixed receiver sue is obtained by parametrically examining the 
significant variables (Author! 


A77-48887 • Thermionic converter studies at Thermo Elec- 

tron. F. N Huffman. 0 Ueb, and F Rulch (Thermo Electron Cotp., 
Waltham. Mass.). In: Intersociety Energy Conversion Engineering 
Conference, 12fh. Washington, D.C., August ?6 September 2. 1J)77, 
Proceedings Volume 2 IA77 48701 23 44) La Grange Park. Ill,] 
American Nuclear Society. Inc , 1977, p. 1548-1554. 19 refs Grant 
No EX 76 C 02 3056; Contract No NAS3- 20302 

The Thermionic Energy Converter (TEC) development program 
includes theoretical and experimental surface studies, diode evalua- 


tion, enhanced mode converter investigations and system studios, as 
well as materials fabrication and testing. The primary effort has been 
concentrated on increasing converter perfoimance via improved 
electrodes Diodes with oxide collectors h e., tungsten oxide, 
titanium oxide, zinc oxide and barium oxide) have provided the best 
performance. Emitters requiring reduced cesium pressure (such as 
oxygenated tungsten, lanthanum hexaboride, platinum and graphite) 
are being tested. Converter configurations using particle spacing are 
under investigation, Experiments with auxiliary electrode thermionic 
conveners are m progress Both silicon carb.de and Zy Zt ZZ 
Res darners ,o isolate (he convener from the combushor, envuon 
mem) have been fabricated and tested, ( Autho" 


A77-48B88 * Thermionic converter performance with oxide 

collectors D, Lieb. D, Goodale, T. Briore, and C Balestra (Thermo 
Electron Corp,, Waltham. Mass ), in, Intet'OCiety Energy Conversion 
Engineering Conference, 12th, Washington. DC., August 2S 
September 2, 1977, Piocoedings. Volume 2, (A77-48701 23 44) La 
Grange Park, ltl„ American Nuclear Society, )nc., 1977, p. 
1555-1562. 6 refs Grant No EY 76- C- 02-3056. Comract No 
NAS3 20302. 

Thermionic converters using a variety oi metal oxide collector 
surfaces have been fabricated and tested. Both work function and 
P°wer output data are presented and evaluated. Oxides of barium, 
strontium. Zinc, tungsten and titanium have been incorporated into a 
variable spacing converter Tungsten oxide was found to give the 
highest converter performance and to furnish oxygen for the emitter 
at the same time. Oxygenated emitters operate at reduced cesium 
pressure with an increase in electrode spacing Electron spectroscopy 
for chemical analysis (ESCA) performed on several tungsten oxide 
collectors showed cesium penetration of the oxide layer, possibly 
forming a cesium tungstate bronze. Titanium oxide showed high 
performance but did not furnish oxygen for the emitter strontium 
oxide, in the form of a sprayed layer, appealed to dissociate m the 
presence of cesium. Sprayed coatings of barium and zinc oxides 
produced collector work functions of about 13 eV, but had 
excessive senes resistance. Lanthanum hexaboride, in combination 
with oxygen introduced through a sdver tube, and cesium produced a 
low work function collector and better than average performance. 

(Author) 


wind turbine general t oyer a broad range of steady state conditions, 
as well as during transient conditions. The deficit in the ambient 
wind field duo to the upwind lower turbine support slructure was 
found to tut very significant in exciting higher harmonic loads 
associated with the flapping response of the blade in bending, 

(Author) 


A77-49034 * Technical feasibility of a modular dish solar 

electric system B P Gupta (Honeywell Energy Resources Center, 
Minneapolis, Minn ) In: Sharing the sun Sular technology in the 
seventies; Proceedings ut the Joint Conference, Winnipeg, Canada. 
August 15 20, 1976 Volume 5 IA77 48910 23 44! Cape Canaveral, 
Fla.. International Solai Energy Society, 1976, p. 291 309. Contract 
No NAS3 19740 

The paper presents tire technical feasibility of 
electricity by using a gas turbine in conjunction with a paraboloid of 
■evolution (dish) solai concentrator. A conceptual design of a dish 
concentrator is obtained by parametrically examining the significant 
optical parameters The optical Perfoimance analysis was conducted 
using a Monte Carlo ray trace simulation program. The perfoimance 
of four candidate thermodynamic cycles utilizing two working fluids 
was analyzed. Ihe cycles were the regenerative and nonregcnerative 
Br avion cycles of both open and closed type. Air and helium were 
the svorking fluids foi the open and closed type respectively Heat 
transfer from the sotar radiation to the gas flowing *n metal tubes ut 
The receiver was also analyzed A paraboloid of revolution dish with a 
cavity receiver tismq an open air regenerative Bra, toil cycle turbine 
emerged as a technically feasible concept m the power range from 30 
to 100 KVVthper moduli*. (Author i 


A77-48898 * Experimental data and theoretical analysis of 

an operating 100 kW wind turbine. B. S. Linscott. J. Glasgow 
(NASA, Lewis Research Center, Cleveland, Oh o), W. 0, Anderson, 
and R, £. Donham (Lockheed California Co, Burbank, Caiit,). In: 
Intersociety Energy Conversion Engineering Conference, 12th Warh- 
ington, D.C., August 28-September 2, 1977, Proceedings. Volume 2, 
(A77-4B701 23-44) La Grange Park, HI., American Nuclear Society. 
Inc., 1977, p, 1633-1650. 8 refs. Contract No. NAS3-20036. 

Part of the cooperative effort between NASA and ERDA has 
been the design and the erection of an experimental wind turbine by 
the NASA-Lewis Research Comer. This 100 kW turbine, designated 
the Mod-O, is located at the NASA Plum Brook site nsar Sandusky. 
Ohio. Experimental test data have been correlated with analyses of 
turbine loads and complete system behavior of the 100 kW Mod-0 


45 ENVIRONMENT POLLUTION 

Indudai air, now*, thermal and watar pollution: 
anvironmant monitoring; and contamination control. 


N77-13563*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

NASA GLOBAL ATMOSPHERIC SAMPLING PROGRAM 
(GASP) DATA REPORT FOR TAPE VL0004 

J D. Holdeman, F. M. Humenik. and E. A, Lezberg Nov. t976 
47 p refs 

( NASA-TM -X-7357 4: E-9023) Avail: NTIS HC A03/MF A01 
CSCL 04A 

The NASA Global Atmospheric Sampling Program (GASP) 
is obtaining measurements of atmospheric trace constituents i in 
thB upper troposphere and lower stratosphere using fully 
automated air sampling systems on board several commercial 
B-747 aircraft in routine airline service. Atmospheric ozone, water 
vapor, and related flight and meteorological data were obtained 
during 1 39 flights of a United Airlines B-747 and a Pan Amencan 
World Airways B-747 from December 1975 through March 1976. 
In addition, sample bottles were exposed during three flights 
and analyzed for trichlorofluoromethane, and filter samples were 
exposed during five flights and analyzed for sulfates, nitrates, 
and chlorides. Flight routes and dates, instrumentation, data 
processing procedures, data tape specifications, and selected 
analyses are discussed Author 


N77-18603*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

NASA GLOBAL ATMOSPHERIC SAMPLING PROGRAM 

(GASP) DATA REPORT FOR TAPE VL00G5 

J D Holdeman and F. M Humenik Feb, 1977 45 p refs 
(NASA-TM-X-73608; £-9086} Avail: NTIS HC A03/MF A01 
CSCL 13B 

Atmospheric ozone, water vapor, and related flight and 
meteorological data were obtained during 214 flights of a United 
Airlines B-747 and two Pan American World Airways B-747 s 
from March through June 1976 In addition, trichlorofluoro- 
methane data obtained from laboratory analysis of two whole 
air samples collected in flight are reported These data are available 
on GASP tape VL0005 from the National Climatic Center. 
Asheville. North Carolina In addition to the GASP data, tropopause 
pressure fields obtained from NMC archives for the dates of the 
GASP flights are included on the data taps Flight routes and 
dates, instrumentation, data processing procedures, and data tape 
specifications are described in this report Selected analyses 
including ozone and sample bottle data are also presented 

Author 


N77-21736*# National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland, Ohio. 

COMPARISON OF OZONE MEASUtEMENT TECHNIQUES 
'!.e<nlG AIRCRAFT. BALLOON. AND GROUND-BASED 
MEASUREMENTS 

Daniel Briehl and Gregory M Reck Washington Apr 1977 
18 p refs 

(NASA-TM-X-3520: E-8951) Avail: NTIS HC A02/MF A01 
CSCL 04A 

In order to verify the ultraviolet absorption technique used 
in the Global Atmospheric Sampling Program, two flight 
experiments were conducted employing several techniques, both 
in situ and remote, for measuring atmospheric ozone. The first 
experiment used the NASA CV-990 equipped with an ultraviolet 
absorption ozone monitor and an ultraviolet spectrophotometer, 
a balloon ozonesondB. and a Dobson station for determining 
and comparing the ozone concentration data. A second experiment 
compared ozone data from an automated sampling system aboard 
a B-747 with data from a manned system installed on the 
NASA CV-990 during a cross-country flight with both aircraft 
following the same flight path separated by 32 kilometers 

Author 
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N77-22689*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

ION CHROMATOGRAPHIC DETERMINATION OF ANION* 
COLLECTED ON FILTERS AT ALTITUDES BETWEEN B.S 
AND 13.7 KILOMETERS 

Dumas A. Otterson 1977 16 p refs Presented at Symp. on 
Ion Chromatog. Analysis of Environ. Pollutants. Research Triangle 
Park, N. C . 28 Apr. 1977: sponsored by EPA 
(NASA-TM-X-73642. E-9143) Avail NTIS HC A02/MF A01 
CSCL 13B 

The investigation of atmospheric pollution to determine the 
anion-containing particulates in the atmosphere at altitudes 
between 9.6 and 13 7 km is discussed Air samples collected 
on cellulose fiber discs impregnated with dibutoxyethylphthalate 
require very sensitive methods of analysis. It is concluded that 
ion chromatography is suited for the determination of anions 
collected on the filters Methods to control contamination and 
interfering side reactions are described. J.M.S 


N77-2B701*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio. 

IN SITU MEASUREMENTS OF ARCTIC ATMOSPHERIC 
TRACE CONSTITUENTS FROM AN AIRCRAFT 

Gregory M. Reck. Daniel Briehl. and Ted W. Nyland Washington 
Jun. 1977 64 p refs 

(NASA-TN-D-8491. E-9040) Avail: NTIS HC A04/MF AO I 
CSCL 13B 

In situ measurements of the ambient concentrations of several 
atmospheric trace constituents were obtained using instruments 
installed on board the NASA Convair 990 aircraft at altitudes 
up to 12.5 kilometers over Alaska and the Arctic Ocean. 
Concentration data on ozone, carbon monoxide, water vapor, 
and particles larger than 0.5 micrometer in diameter were 
acquired. Author 


N77-276B8*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

INTERHEMISPHERIC SURVEV OF MINOR UPPER ATMOS- 
PHERIC CONSTITUENTS DURING OCTOBER • NOVEMBER 
1976 

Daniel J. Gauntner, comp and Louis C Haughney. comp (NASA. 
Ames Res. Center) Mar 1977 201 p refs 
(NASA-TM-X-73630: E-9130) Avail: NTIS HC A10/MF A01 
CSCL 13B 

The CV-990 aircraft coordinated several flights with a NASA 
LI -2 aircraft. NOAA ground station measurements in Alaska. 
Hawaii, and American Samoa, and with Australian and New 
Zealand ground stations, aircraft, and a balloon experiment in 
the Southern hemisphere. Data were obtained for species including 
o zone, total ozone, the oxides of nitrogen, the chlorofluoro- 
m ethanes, water vapor, nitric acid, carbon monoxide, carbon 
dioxide, hydrogen chloride. Aitken nuclei, ammonia, aerosols, 
temperatures, and winds, individual experiment results and 
selected analyses are presented. The experimental data include 
total column densities, latitude variations, interhemisphere 
differences, and vertical profiles Author 


N 77-28622*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

NASA GLOBAL ATMOSPHERIC SAMPLING PROGRAM 
(GASP) DATA REPORT FOR TAPE VUW06 

Daniel J. Gauntner, J D. Holdman, and Francis M. H»menlk 
Jul. 1977 43 p refs 

(NASA-TM-73727 ; E-9284) Avail NTIS HC A03/MF ACM 
CSCL 13B 

The NASA Global Atmospheric Sampling Program (GASP) 
is obtaining measurements of atmospheric trace constituents in 
the upper troposphere and lower stratosphere using fully 
automated air sampling systems on board several commercial 
B-747 aircraft ir, routine airline service, Atmospheric ozone, and 
related flight and meteorological data were obtained during 245 
flights of a Qantas Airways of Australia B-747 and two Pan 



ISO 


American World Airways B-747s from July 1976 through 
September 1076. In addition, whole air samples. obtained during 
three fljghta. were analyzed for trichlorafluoromethane. and filter 
•ample*, obtained during four flight*, were analyzed for sulfate*, 
nitrates, fluorides, and chlorides. Flight routes and dates! 
instrumentation, data processing procedures, data tape specifica- 
tions, and selected analyses are discussed Author 


A77-12267 * Elemental composition of airborne partic- 

ulates and source identification • An extensive one year survey. R. B. 

King, J. S. Fordyco, A. C. Antoine, H. F. Lelbecki, H. E. Neustadtor, 
and S, M. Sidik (NASA, Lewis Research Center, Environmental 
Monitoring Systoms Office, Cleveland, Ohio). Air Pollution Control 
Association, Journal, vol. 26, Nov. 1976, p. 1073-1078, 25 refs, 

Concentrations of 60 chemical elements in the airborne partic- 
ulate mattor were measured at 16 sites in Cleveland, OH over a 1 year 
period during 1971 and 1972 (45 to 50 sampling days). Analytical 
methods used included instrumental neutron activation, emission 
spectroscopy, and combustion techniques. Uncertainties in the 
concentrations associated with the -ampling procedures, the analyti- 
cal methods, the use of several an„.ytical facilities, and samples with 
concentrations below the detection limits are evaluated In detail. The 
data ate discussed in relation to other studies and source origins. The 
trace constituent concentrations as a function of wind direction are 
used to suggest a practical method for air pollution source 
identification. - (Author) 


A77-472S9 * Compounds In airborne particulates - Salts and 

hydrocarbons, fl. B. King. A. C. Antoine, J S. Fordyce, H E 
Neustadtcr, and H. F, Lelbecki (NASA, Lewis Research Centor, 
Cleveland, Ohio). Air Pollution Control Association, Journal, vol 27 
Sept. 1977, p. 869-871. 32 refs, 

Concentrations of 10 polycyclic aromatic hydrocarbons (PAH), 
the aliphatics as a group, sulfate, nitrate, fluoride, acidity, and 
carbon in the airborne particulate matter were measured at 16 sites 
in Cleveland, OH over a 1-year period during 1971 and 1972, 
Analytical methods used included gas chromatography, colorimetry, 
and combustion techniques. Uncertainties In the concentrations 
associated with the sampling procedures, and the analytical methods 
are evaluated. The data are discussed relative to other studies and 
source origins. High concentrations downwind of coke ovens for 3,4 
benzopyrene are discussed. Hydrocarbon correlation studies Indi- 
cated no significant relations among compounds studied. lAuthorl 


N77-S3M4*f Panamaincs. Inc, Waltham, Maaa. 

TOTAL OIONE DERIVED FROM UV SRECTRORHOTOME- 
TER MEASUREMENTS ON THE NASA CV-SSO AIRCRAFT 
FOR THE FALL 1S7S LATITUDE SURVEY FLIGHTS Final 
R spor t 

Frederick A Hanser Oct. 1977 93 p rafs 
(Contract NAS3-20472) 

(NASA-CR- 135276; PANA-UVS-9) Avail; NTIS 

HC A05/MF A01 CSCL 06K 

An ultraviolet interference filter spectrophotometer was 
modified to use a photodiode and was flown on latitude survey 
flights in tha fall of 1976. Comparison with Dobson station 
total ozona valuas shows agraament between UVS and Oobaon 
total ozona of + or - 2 peccant Tha procadura usad to convart 
UVS maasured ozona abova tha aircraft altituda to tout ozone 
above ground level introduces an additional 2 percent deviation 
for very high altituda UVS ozona data. Under stable aircraft 
operating conditions, the UVS derived ozona values have a 
variability, or reproducibility, of better than + or -1 percent. 
Tha UVS data from the latitude survey flights yield a detailed 
latitude profile of total ozona over tha Pacific Ocean during 
November 1976. Significant latitudinal struetura in total ozona 
it found at the middle latitudes (30 dag to 40 dag N and S). 

Author 
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P ^ Pa ' coner (NOAA Air Resources Lab., Silver Sorino Mrtl 
and A H ° ld ^ o n r <NOAA A t r R Lab Silver Spring. Md ) 

doin, Symp. on Atmosp^enc oL . Dre^n ^Tug wt 
CWE AS rn 0 ' ^ B,s °mtogy and ? Atrmjspherh: 

Geoma; h ne,ri d ndT ro 7oU ^ ' h8 ^ * 

thWSA-TMOC- 7367 *) Avail: NTIS HC A02/MF AOI CSCL 

strato5ph°e S re h north OI of n %e n eq^atm P haV^ P ° SPher ° and lower 

two commercial 6-747 airliners The r- b * en re8l5!e,ed aboard 
meteorological data are reoorted Att«nT POSMS J MOne ’ ni9hl and 
to the vertical profiles of atmosoh!.*' ,IOn ' S dravvn Particularly 
function of both distance from ,h„ . ° ZOn9 mixin 0 ratio as a 
the streamlines. The GASP observati n tr ° P0PIIUSB and curv8Ul re of 
typical of ,h, lower stratosohere* * 115 su f 9esl ,h#t “tone levels 
upper troposphem ppncClv dulo^^^" BmbeddBd in the 
wmd curvature was noted 9 V d 9 ° ns when cyclonic 

Author 


D 77 21770 ^ Con,ral Dsl8 Cor P ■ Minneapolis. Minn. Research 

YA "'* B,L,TY AND TRANSPORT of ozone at the 
tropopause from the first year of gasp o^ 

G. D Nastrom Feb, ,977 32 p refs 
(Contract NAS2-7807) 

fNASA- c R.,35,7B: RR-41 Avail: NTIS HCA03/MFA0, CSCL 

The relationships of ozone near the tropopause with Dotentinl 
vomcity temperature. and distance from the ^twaST?™ 

hohzonm| d f| Da,a T alS ° US6d est,ma, ° Ih » vertical and 
horizontal fluxes of ozone near the tropopause The present 

BS ~ S ' hC , ,0,a ' ” ux of ozone ton, the troposphere verify 
model results. Although the distribution of flux between 
mean motions and diffusion is different and thus suggests that 
oa *,;' h coar *° horizontal resolution must cont.nue to 
Ktn a ™ much vertical transport by diffusion coefficients 
Monthly estimates of the horizontal transient eddy flu* of ozone 
are generally smaller than seasonal or yearly results based on 
ozonosonde data This is perhaps because the present estates 

C lhi™h , Vllr m w n,hy perl0ds to roduce ,he influence of 
wmri Thl P f ° nnUai varia, ' ons i" °«ne and meridional 

TriHu n Th , Bbl ° dala su PP ort *ho hypothesis that transient 
eddy fluxes of ozone have large longitudinal variations. Author 


Si KssKrar *- 

M "fforiLlk “a£ J , a ?, H ^ ,man ' Danf *l Briahl. and Francia 
Air Quality^. txjujj-_ 877 —j^* P r#h Presan *«f ■« Conf. on 
3 Jrd . ,nd A, " w **> , W'to Ozone. Boulder. Colo.. 

and Mater * Am 500 ,or Testing 

And M atW; Comm. D-22. Am. Meleorol. Soc . Ah Pollution Control 

,Mt “ NBS ' and noaa 

CSCUMA 737 * ,: E ' 9338t AviH: ^T' 5 HC A02/MF AOI 

■r—** 1 0 ? 0 * c °m position data ware collected with a NASA F-tOfl 
Aircra ft. Present measurement, include ozone, carbon monoxide. 

tJ^'t ^ nucl,i numb * f «tona«tot. 
iuyhalea, nitrates, and the chlorofluoromethsnes. Meteorological 

and flight parameters are also recorded for use in detaenalysil 
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47 METEOROLOGY AND 
CLIMATOLOGY 

tnc'udBs weather forecesting and modification. 


W77-1B714*# National Aeronautics and Spaca Adminlatraiion, 
Lewis Research Center. Cleveland. Ohio. 

COHREIATION OF TOTAL. DIFFUSE, AND DIRECT SOLAR 
RADIATION 

Edgar H. Buyco (Purdue Univ.. Hammond. Ind.) and David 
Nemkoong Washington Mar 1977 25 p ref* 
(NASA-TM-X-3422: E-88671 Avail NTIS HC A02/MF A01 
CSCL 04B 

Present requirements for realistic solar energy system 
evaluations necessitate a comprehensive body of solar-radltion 
data. The data should include both diffuse and direct solar radiation 
as well as their total on an hourly (or shorted basis. In general, 
however, only the total solar radiation values were recorded, 
This report presents a correlation that relates the diffuse 
component of an hourly total solar radiation value to the total 
radiation ratio of the maximum value attainable. The data used 
were taken at the Blue Hill Observatory in Milton. Massachusetts, 
for the penod 1952 The relation • in Ihe form of the data 
plots - can be used in situations in which only the hourly lotal 
radiation data are available but the diffuse component is 
desired Au,hor 


N77-2178B*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

ALL-WEATHER ICE INFORMATION SYSTEM FOR ALAS- 
KAN ARCTIC COASTAL SHIPPING 

R T Gedney. R J Jirberg. R J Schortler R A Mueller. T L 
Chase, I. Kramarchuk. L. A Nagy. R. A Hanlon, and H. Mark 
1977 14 p refs Presented at 9th Ann. Offshore Technology 

Conf , Houston. Tex.. 2-5 May 1977 ... 

(NASA-TM-X-73619. E-9108) Avail NTIS HC A02/MF A01 

CSCL 04B ...... 

A near real-time ice information system designed to aid 
arctic coast shipping along the Alaskan North Slope is described 
The system utilizes a X-band Side Looking Airborne Radar ISLAM) 
mounted aboard a U S Coast Guard HC-130B aircraft Radar 
mapping procedures showing the typo, areal distribution and 
concentration of tee cover were developed In order to guide 
vessel operational movements, near real-time SLAR image data 
wore transmitted directly from the SLAR aircraft to Borrow. Alaska 
and the US Coast Guard tcebrooker Glacier In addition. 5LAH 
image data wore transmuted in real tune to Cleveland. Ohio via 
the NOAA GOES Satellite Radar images developed m Cleveland 
were subsequently facsimile transmitted to the U S Navy's Fleet 
Weather Facility in Suitland. Maryland for use in ice forecasting 
and also as a demonstration back to Barrow via the Communica- 
tions Technology Satellite Author 


A77-47961 * All-weather ice information system for 

Alaiken Arctic coastal shipping, fl. T. Gedney R. J. Jirberg, R. J. 
Schertlor R. A. Mueller. T. L. Chase, I. Kramarchuk, L. A. Nagy, R. 
A Hanlon, and H. Mark (NASA. Lewis Research Center, Ctevehind, 
Ohio) Annual Offshore Technology Conference, 9th, Houston, Tex., 


May 2-5, 1977, Paper. 13 p. 7 refs. 
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52 AEROSPACE MEDICINE 

tncludaa physiological (actors, biological offsets ol 
radiation; and weightlessness 


N77-1tB$8*| National Aaronautics and Spaca Administration. 
Lawn Research Cantor. Cleveland, Ohio 

POTENTIAL BIOMEDICAL APPLICATION! OF ION BEAM 
TECHNOLOGY 

Bruce A Banks. Albert J. Weigand, Charles A. Babbush (Ml. 
Sinai Hospital, Cleveland), and Craig L VanKampen (Case Western 
Reserve Univ.) 1976 20 p rels Presented at the twelfth 

AIAA Intern. Elec Propulsion Coni.. Key Biscayne. Fla.. 
IS- 17 Nov 1978 
(Grant GM-01090-14) 

(NASA-TM-X-73512; E-8919) Avail: NTIS HC A02/MF A01 
CSCL 08B 

Electron bombardment ion thrusters used as ion sources 
have demonstrated a unique capability to vary the surface 
morphology of surgical implant materials. The microscopically 
rough surface texture produced by ion beam sputtering of these 
materials may result in improvements in the biological response 
and/or performance of implanted devices Control of surface 
roughness may result in improved attachment ol the implant to 
soft tissue, hard tissue, bone cement, or components deposited 
from blood Potential biomedical applications Of Ion beam 
texturing discussed include: vascular prostheses. artificial heart 
pump diaphragms, pacemaker fixation, percutaneous connectors, 
orthopedic pros-thosis fixtion. and dental imn'sutt. Author 


N77-2S71B* National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

CORNEAL BEAL DEVICE Patent 

Edward F Baehr. inventor (to NASA) Issued 5 Jul. 1977 7 p 
Filed 13 Apr 1978 Supersedes N76 22891 (14 - 13. 
p 1709) 

(NASA-Casa-LEW- 1 22S8- 1 : US-Patent-4.033.349. 
US-Patent-Appl-SN-676433; US-Patent-Class- 1 28-303R : 
US-Palem - Class 1 28- 1 R) Avail: US Patent Office CSCL 06B 
A corneal seal device Is provided which, when placed in an 
incision in the eye. permits the insertion of a surgical tool or 
instrument through the device into the eye The device includes 
a seal chamber which opens into e tube which is adapted to 
be sutured to the eye and serves as an entry passage for a 
tool. A sealable aperture. in the chamber permits passage of the 
tool through the chamber into the tube and hence into the eye 
Tho chambei includes inlet ports adapted to be connected to a 
regulated source of irrigation fluid which provides a safe imraocular 
pressure. Official Gazette of tho U S Patent Office 


N77-30726*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

THE US ENVIRONMENTAL PROTECTION AGENCV NAT- 
IONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM 
(NPDES) 

Julian Manly Earls In its Proc of the Ann Conf. of NASA 
Clinic Directors, Environ Health Olfic , and Med. Program Advisors 
1975 p 187-176 refs (For primary document see N77-30716 
21-52) 

Avail: NTIS HCA13/MFA01 CSCL OBE 

An evaluation of the Lewis Research Cantor's storm, sanitary 
and industrial sewer systems, in compliance with the Federal 
Water Pollution Control Act. is presented. The investigation of a 
proposed sampling and flow measurement system includes cost 
estimates to meat the Federal and State of Ohio requirements 

IM. 


N77-30736*# National Aeronautics end Space Administration 
Lewis Resvaich Center, Cleveland. Ohio 

INTRAOCULAR PRESSURE NORMALIZATION AP- 
PARATUS Patent Application 

Edwaid F Baehr, inventor (to NASA) Filed 31 Aug 1977 

10 p 

INASA-Cose-LEW 12955-1 US Patent Appl-SN-8293 IB) Avail 
NTIS HC A02/MF A01 CSCL 06B 

A method and apparatus is described for safely reducing 
abnormally high irma-oculni pressure m on eye during n 
predetermined time interval Ties allows maintenance ol normal 
intraocular pressure during glaucoma surgery A pressure regulator 
of tho spring-biassed diaphragm type is provided with additional 
bias by a column of liquid Tho height of the column ot liquid 
is selected such that the pressure ot a hyporieimic needle 
connected to the output of the pressure regulator is equal to 
the measured pressure of the eye The hypodermic neadlo can 
then bo safely inserted into tho anterior chamber of the eye 
Liquid is then bled out of tho column to reduce tho bias on the 
diaphragm of tho pressure regulator and, consequently, the output 
pressure of the regulator This lowering pressure of the ragulotor 
also occurs in the aye by means of a small bleed path provided 
between the pressure regulator and tho hypodermic needle 

NASA 


N77-30737*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

INTRA OCULAR PRESSURE NORMALIZATION TECHNIQUE 
AND EQUIPMENT Patent Application 

William J McGannon. invantor (to NASA) Filed 31 Aug 1977 
10 p Sponsored by NASA 

(NASA-Case-LEW- 1 2723-1: US-Patont-Appi SN-829317) Avail 
NTIS HC A02/MF AO I CSCL 06 B 

A method and apparatus is described for solely reducing 
abnormally high intraocular pressure in an eye during a piqdetor- 
ininod timu interval This allows maintenance of normal intraocular 
pressure during glaucoma surgery A pressure regulator of tho 
spring-brassed diaphragm type is provided with additional bins 
by a column of liquid Tho height of the column ot liquid is 
selected such that thu pressuro lit a hypodermic noodle connected 
to tho oulput of the prussure regulator is equal to the measured 
prussurud ot tho eye Tho hypodermic needle can then by safely 
msortod into the antonor choinber of the eye Liquid is then 
bled out of the column to reduce tho bias on the diaphragm of 
the pressure regulator and. consequently, tho output pressure of 
the regulator This lowering pressure of tho regulator also occurs 
hi tho eye by means ot □ small second bleed path provided 
between tho pressure regulator and the hypodermic needle 

NASA 
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53 BEHAVIORAL SCIENCES 


Include* psychological factors; individual and group 
behavior: crew training and evaluation; and psychiatric 
research. 


A77-13007 * * Potential biomedical applications of Ion beam 
technology. B. A. Banks. A. J. Weigand (NASA, Lewis Research 
Center, Cleveland, Ohio). C. L. Van Kampen (Case-Western-Reserve 
University. Cleveland, Ohio), and C. A. Babbjsh. American Institute 
of Aeronautics and Astronautics, International Electric Propulsion 
Conference. Key Biscayne, Fla.. Nov. 14-17. 1976. Paper 76-1018 
12 p. 15 refs. Grant No. PHS-5-T-01-GM-01090-14. 

Electron bombardment ton thrusters used as ion sources have 
demonstrated a unique capability to vary the surface morphology of 
surgical implant materials. The microscopically rough surface texture 
produced by ion beam sputtering of these materials may result in 
improvements in the biological response and/or performance of 
implanted devices. Control of surface roughness may result in 
improved attachment of the implant to soft tissue, hard tissue, bone 
cement, or components deposited from blood. Potential biomedical 
applications of ion beam texturing discussed include: vascular 
prostheses, artificial heart pump diaphragms, pacemaker fixation, 
percutaneous connectors, orthopedic prosthesis fixation, and dental 
implants. (Author) 
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54 MAN/SYSTEM TECHNOLOGY 
AND LIFE SUPPORT 

Includes human engineering, biotechnology: end space 
suits and protective clothing. 


N77-29770*# Martin Marietta Corp.. Denver. Colo 
THE ASSEMBLY OF LARGE STRUCTURES IN SPACE 

George W. Smith and Shepard B. Brodie In JPL The 2nd Conf on 
Remotely Manned Systems (RMS) Jun. 1975 p 43-44 (For prim- 
ary document see N77-29750 20-54) 

Contracts NAS9-14319. NAS3-17835 
Avail: NTIS HC A06/MF A01 CSCL OSH 

Techniques developed for orbital assembly of the support 
structure for a 1000 meter diameter microwave power transmis- 
sion system antenna are described. The operation is performed 
in two phases using the shuttle remote manipulator system in 
low earth orbit, and a mobile assembler in geosynchronous 
orbit. Author 
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61 COMPUTER PROGRAMMING 
AND SOFTWARE 

Includes computer programs, routmos. and algorithms. 


N77-1081Q*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

GASPLOT: A COMPUTER PROGRAM FOR RAPID 

PRODUCTION OF THERMOPHVSICAL PROPERTIES 
CHARTS FOR CYCLE ANALYSIS AND PROPERTY EVALU 
ATIONS 

R C Hendricks and R J Tnvisonno 1976 23 p refs Proposed 
for presentation at Winter Ann Meuting of the Am Soc ot 
Mechanical Engineers. New York 5 10 Pec 1976 
(NASA-TM-X-7 1915; E-B707) Avail NTIS HC A02/MF API 
GASPLOT is a FORTRAN 5 computer program which slavos 
a CALCQMP plotter to produce 8 variety of accurate thermophysi- 
cal properties charts Tho ordinate-abscissa pair may be any 
two of pressure, temperature, density, enthalpy, entropy, specific 
heat, sonic velocity, thermal conductivity, viscosity, or surface 
tension Tho parameters may be temperature, pressure density 
ontropy or enthalpy A special fentuie of this progiam is the 
ability to produce a chart which amplifies lor reduces) a given 
chart to achieve tho desired resolution Author 


N77-1171B*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

CENTROID AND MOMENTS OF AN AREA USING A 
DIGITIZER 

R W Patch Oct 1976 19 p rots 

(NASA-TM X-73528 E 89471 Avail NTIS HC A02/MF A01 
CSCL 098 

The centroid and moments of an area program provides the 
centroid, moments of inertia, product of inertia, radii of gyration, 
and area ol any dosed planar geometric figure The figure must 
be available in graphic form and Is digitized once with chart 
digitizer [graphic tablet). The digitizer origin may be set anywhere 
on the digitizer table After digitizing, fifteen quantities are 
calculated and displayed (1) area, (2) moment of inertia of area 
with respect to digitizer x-axis. (31 moment of inertia of area 
with respect to digitizer y-axis. 14) product of inertia of area 
with respect to digitizer axes, (51 first moment of x lor digitizer 
axes, 161 first moment of y for digitizer axes (71 x coordinate of 
centroid. (8) y -coordinate of centroid. 191 moment of area inertia 
of with respect to x axis thiough centroid, (10) moment of 
inertia ot oiea with respect to y axis through centroid, (11) 
product inertia of area with respect to x and y axes through 
centroid. (12) polar moment of morlia of area around centroid. 
(131 radius of gyration about digitizoi x axis. (14) radius of 
gyration about digitizer y axis, and (15) variance in the x-direc- 
tion. Author 


fill'MllS'll National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

A POP-16 TO INDUSTRIAL- 14 INTERFACE AT THE LEWIS 
RESEARCH CENTER’S CYCLOTRON 

Francis R. Kebbarly and Regis F. Leonard Mai 1977 21 p 

refs 

(NASA-TM-X-73604; E-90771 Avail; NTIS HC A02/MF A01 


CSCL 09 B , 

An interface (hardware and software) was built which pormits 
the loading, monitoring, and control of a digital equipment 
industrial- 14/ 30 programmable controller by a PDP-15 computer 
The interface utilizes the serial mode for data transfer to and 
from the controller, so thot the required hardware is essentially 
that of a teletype unit except for the speed of transmission 
Softwaia described here permits tho user to load binary paper 
tape, read or load individual controller memory locations, and if 
desired turn controller outputs on and off directly from the 
computet. Author 


N77-22848*# National Aoronautics and Space Administration, 
Lewis Research Center Cleveland. Ohio 

SAVLOC. COMPUTER PROGRAM FOR AUTOMATIC 
CONTROL AND ANALYSIS OF X-RAY FLUORESCENCE 
EXPERIMENTS 

Regis F Loonard Washington Apr 1977 45 p tofs 
(NASA TN-D 8398 E-9D00) Avail NTIS HC A03/MF A01 
CSCL 09B 

A piogiam for a POP 1 5 compulor is presented which provides 
for controf and analysis of trace element determinations by using 
X ray fluorescence Tho program simultaneously handles data 
accumulation loi one sample and analysis of data from previous 
samples Data accumulation consists o( sample changing, timing, 
and data storage Analysis requires the locating of peaks in 
X-ray spectra, determination ol intensities of peaks, identification 
of origins of peaks, and determination of a real density of tho 
element responsible for oach peak Tho program may be run in 
either a manual (supervised) mode or an automatic (unsuporvisod) 
mode Author 


N77-26629*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio, 

SOLUTION OF TRANSIENT OPTIMIZATION PROBLEMS BY 
USING AN ALGORITHM BASED ON NONLINEAR PRO 
GRAMMING 

Fred Teton 1977 13 p refs Presented at Joint Autom 

Control Conf.. San Francisco. 22-24 Jun 1977 
(NASA-TM-X-73618; E-9107) Avail NTIS HC AOZ/MF A01 
CSCL 098 , 

An algorithm is presented for solution of dynamic optimization 
problems which are nonlinear In the state variables and linear 
in the control variables It is shown that the optimal control is 
bang-bang A nominal bi-.ig-bang solution is found which satisfies 
the system equations and constraints, and influence functions 
ere generated which check the optimality of the solution. Nonlinear 
optimization (gradient search) techniques aie used to find the 
optimel solution. The algorithm is used to find a minimum time 
acceleration for a turbofan engine. Author 


N77-27761*# Notional Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

COMPUTER PROGRAM FOR FLAT SECTOR THRUST 
BEARING PERFORMANCE ^ . 

Aldan F Preslot and Izhak Etsion Jun. 1977 74 p rets 
(NASA TM-73595, E-89301 Avail; NTIS HC A04/MF A01 
CSCL 09B 

A versatile computei piogram is presented which achieves 
a rapid numerical solution of the Reynolds aquation for a flat 
sector thrust pad bearing with either compressible or liquid 
lubricants Program input includes a range in values of the 
geometric and operating parameters ot the sector bearing 
Performance characteristics are obtained from the calculated 
bearing pressure distribution These arc the load capacity, center 
of pressure coordinates, frictional energy dissipation, and flow 
rates of liquid lubricant across tho bearing edges Two sample 
runhlmns nr« described Author 


N77“28631*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

COMPUTER PROGRAMB FOR THE INTERPRETATION OF 
LOW RESOLUTION MASS SPECTRA; PROGRAM FOR 
CALCULATION OF MOLECULAR ISOTOPIC DISTRIBUTION 
tan PROGRAM FOR ASSIGNMENT OF MOLECULAR 


FORMULAS 

Robert A. Millar and Fred J Kohl Washington 


Jul 1977 


1 8 p refs 

(NASA-TM-X-3564: E-9133) Avail NTIS HC A02/MF A01 
CSCL 09B 

Two FORTRAN compulor programs for the interpretation ot 
low resolution mass spectra wore prepared and tested One is 
for the calculation of the molecular isotopic distribution of any 
spacios from stored elemental distributions. Tho program requires 
only the input of the molecular formula and was designed for 


compatibility with any computet system. The other program is 
for tba data rm (nation of all possiNtf combinations of atoms (anrt 
radicals! which may form an ion hiving a particular integer mass 
It also uses a simplified input schema and was designed foi 
comparability with any system Author 


N?f-2M32*| National Aeronauts } and Space Admimstrat'on 
Lewis Research Center. Cleveland. Ohio. 

FLUID: A NUMERICAL INTERPOLATION PROCEDURE FOR 
OBTAINING THENMODVNAMIC AND TRANSPORT 
PROPERTIES OF FLUIDS 

Theodore E. Fesslar Washington Aug 1977 27 p rels 
(NASA-TM X-3572; E-9132) Avail NTIS MC A03/MF ADI 
CSCL 09 B 

A computer program subroutine. FLUID, was developed to 
calculate thermodynamic and transport properties of pure Hunt 
substances It provides for determining the thermodynamic slate 
from assigned values for temperature-density, pressure density, 
temperature-pressure, pressure-entropy, or pressure - enthalpy 
Liquid or two-phase (liquid-gas) conditions are consitleied ns 
well as the gas phase A van dor Waals model is used to 
obtain approximate state values: these values are then corrected 
for real gas affects by model-correction factors obtained from 
tables based on experimental data Saturation conditions, specific 
heat, entropy, and enthalpy data are included in the tables for 
each gas Since these tables are external to the FLUID subroutine 
itself. FLUID can implement any gas for which a set of tables 
has been generated {A setup phase ts used to establish pomie'S 
dynamically to the tables for a specific gas I Data table preparation 
IS described FLUID is available in both SFTRAN and FORTRAN 

AiAhoi 
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65 STATISTICS AND PROBABILITY 

(nc!ltf)lt« rlatn .. 


nwhidfVnd Xhwfc p? t ^«' I, “‘ hma ‘ MOn ' # C * ,l ° 


SPBCB Adm ~ n 

Conf Chicago. 24 27 Oct 1977 tBsanl,,d ■* the Fill Metals 
11,0 A:n Inst Qt Milling. Mm an^plnT^ ^ ,h " M8t ^ 
cooperation w , t h US Army An Mnhi. o Enp ' pf °P*'»d in 
land my A,r Mobility R end D Ub . Cteve- 

M' 73790 E 93571 Aya " NT.S HC A03/MP AO, 

• presumed" or“h”h « r ,™elS >mP ° n *. M bri “ le flbB,s 
distribution procedures slahMicadv can a ° f usual Weifcj " 
making up a , lbet 1<lg ,««P onants 

entnios and taken together as m a r,h«’ r surf#0 «> as separate 
carbide fiber and lor an # . no * 55sr T " nS1 ' 8 d «* for silicon 
are evaluated ,n terms of the n ca,bo "-boran «»oy fiber 

characteruation proposed multrcomponent Weibull 

Author 









66 SYSTEMS ANALYSIS 

Includes mathematical modeling, network analysis, and 
operations research. 


N77-17819*# National Aeronautics and Space Administration 
lewis Research Center. Cleveland. Ohio. 

PRESSURE MODEL OF A FOUR-WAV SPOOL VALVE FOR 
SIMULATING ELECTROHVDRAULIC CONTROL SYSTEMS 

Vernon O. Gebben Washington Dec. 1976 33 p refs 
(NASA-TN-D-8306; E-8820) Avail: NTIS HQ A03/MF AOI 
CSCL 12B 

An equation that relates the pressure flow characteristics of 
hydraulic spool valves was developed The dependent variable is 
valve output pressure, and the independent variables are spool 
position and flow This causal form of equation is preferred in 
applications that simulate the effects of hydraulic tine dynamics 
Results from this equation are compared with those from the 
conventional valve equation, whose dependent variable is flow. 
A computer program of the valve equations includes spool stops, 
leakage spool clearances, and dead-zone characteristics of overlap 
spools Author 


N77-1 7820*# National Aeronautics and Spacu Administration. 
Lewis Research Center. Cleveland. Ohio. 

SPACECRAFT DESIGN SENSITIVITY FOR A DISASTER 
WARNING SATELLITE SYSTEM 

Joseph E. Malay. Diaries E. Provencher, Bruce E. LeRoy. Richard 
C. Btaiey, and Howard A. Shumaker Washington Feb. 1977 
45 p refs 

(NASA-TM-X-3469; E-88561 Avail: NTIS HC A03/MF AOI 
CSCL 12B 

A disaster warning satellite (DWS) is described for warning 
the general public of impending natural catastrophes. The concept 
is responsive to NOAA requirements and maximizes the use of 
ATS-6 technology. Upon completion of concept development, 
the study was extended to establishing the sensitivity of the 
DWSS spacecraft power, weight, and cost to variations in both 
warning and conventional communications functions The results 
of this sensitivity analysis are presented Author 
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70 PHYSICS (GENERAL) 

For 8.ophy.k;» see 46 Geophysics. For ..trophy,*. 
*** 90 Astrophysics For .ot.r physic, ih 92 Solar physics. 


A 30 cm di.meter argon Ion source. J. S. 

Sotcv (NASA. Lewis Research Center, Cleveland, Ohio). American 
Institute Of Aeronautics and Astronautics. International Electric 

P !° p, ^'° n ^ on!ere hce, Key Biscayne. Fla., Nov. 14-17. 1976, Paper 
/a- 7077. Tup, 12 rpfj, 

A 30 cm diameter argon ion source was evaluated Ion source 
beam current! up to 4A wore extracted with ion energies ranging 
rom (T2 to 1.5 KcV. An ion optics seating relation was developed 
lor predicting ion beam extraction capability as a function of total 
extraction voltage, gas type and screen grid open area. Ignition and 
emission characteristics of several hollow cathode geometries were 
cuhnrie, °Ar' ,UrP0,eS °' def,nin 9 di « h «irfle chamber and neutraliser 

hi# i *0 presented arp icm beam Profile characteristics which 

appl'^tionT capability well suited for ion beam sputtering 

(Author) 


A77 47995 * Absorption of sound in air . High-frequency 

measurements. H E. Bass and F D Sh.eids (Mississippi^? 
University Miss I. Acoustical Society 0 / America. Journal, vol 62 
Sept 1977, p. 571 576. 35 refs. Contract No. NAS3-19431 

The absorption of sound ,n air at frequencies horn A to fOO kHz 

Tin a v ‘?vo«7" ,e,Wl$ ‘ f ° r alure, from 255.4 K (0 FI to 
- (10D F) in 5 5 K 110 Ft intervals, and at 10% relative' 

Jn<i 5 ‘ l,U,J "° n measured 

The values of free field absorpnon have been analyzed to determine 
the relaxation frequency of oxygen lor each of the 92 combinations 
temperature and relative humidity studied and the results are 
compared to a., emprncal expression The relaxation frequencies of 

transfer rates b "" * W ' V * d «* "™omc on 

(Autho. ) 
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71 ACOUSTICS 

Includes sound generation. trensmisston and attenut 
lion 

For noise pollulion saa 45 -nytronmitU Poikitnn 


N77- 11818*# National Aeronautics and Spaca Adminiatration 
Lawn Research Cental Cleveland. Onto 

OTW HOIK CORRELATION FOR 84 VIRAL NOULE /WING 
GEOMETRIES UtIHQ A B:1 SLOT NOZZLE WITH EXTERNAL 
DEFLECTORS 

U Vonglahn 1S76 2U p rail PraMntad at the 92nd Meeting 
of the Acoustical Soc -vf Am . San Diago. Cetd. IS-19 Jv-v. 
197# 

INASA-TM-X 73529; E 8949) Avail: NTIS HC A03/MF A01 
CSCL 20A 

Acoustic spautral data obtained from a modal -scale study 
ol several over the wing (OTW) configurations with a S I slot 
nozzle using venous attaint 1 deflectors are correlated in terms 
o( deflector geometry and flow parameter* Venations in the 
deflector geometry include deflector size and deflector angle. In 
addition, geometry variations in flap setting and nozzle chordwise 
location are included Three dominant noise sources are correlated 
fluctuating lift noise, flap trailing edge noise, and jet mixing 
noise Aerodynamic charactenstica including lift and thrust 
measurements, obtained for the vanous configurations are 
summanred Author 


N77-11B17*# National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio 

MODAL DENSITY FUNCTION ANO NUMBER OF PROPA- 
GATING MOOES IN DUCTS 

£ J. Rica 1976 19 p refs Presented at the 92d Meeting of 
the Acoust Soc of Am. San Diego. Calif 16-19 Nov 1976 
(NASA-TM-X-73B39; E-8699) Avail NTIS HC A02/MF AO I 
CSCL 20A 

Tha question of the number of propagating modes within a 
email range of mode cut off ratio was raised The population 
density of modes were shown to tie greatest near cut off and 
least for the well propegatmg modes It was shown that modes 
of nearly the same cut off ratio behave neatly the same in a 
sound absorbing duct as well as in the way they piopagaio to 
the fer Handling all of the propagating modes individually. they 
can be giouped into several cut off ratio ranges It is important 
to know the model density function to estimate acoustic power 
distribution Author 


N77-137fl2*| National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio 
ACOUSTIC SIGNATURES OF A MODEL FAN IN THE 
NABA-LEWIS ANECHOIC WIND TUNNEL 

Donald A Dietrich. Marcus F Heidmann. and John M Abbott 
2b Jan 1977 17 p refs Presented e» the 15th Aerospace 

Sets Meeting Los Angelas. 24-26 Jan 1977 Sponsored by 
AIAA 

(NASA-TM X-73660. E-90021 Avail NTIS HC AQ2/MF A01 
CSCL 20A 

Ona-third octave band and narrowband spectra and continuous 
directivity patterns radiated from en inlet are presented over 
ranges of fan operating conditions, tunnel velocity, and angle of 
stuck. Tunnel flow markedly reduced the unsteadiness and level 
of the blade passage tone, revealed the cutoff design feature of 
the blade passage tone, and exposed a lobular directivity pattern 
for the second harmonic tone Tha full affects of tunnel flow 
ate shown to be complete above a tunnel velocity of 
20 meters/ second The acoustic signatures are also shown to 
be strongly affected by fan rotational spaed, fen blade loading, 
and inlet angle of attack Author 


N77-3O90B*!) National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

FINITE-DIFFERENCE THEORY FOR SOUNO PROPAGATION 
IN A LINED DUCT WITH UNIFORM FLOW USING THE 
WAVE ENVELOPE CONCEPT 

Kenneth J Baumeister Washington Aug 1977 64 p refs 

iNASATP 1001 E 9149) Avail NTIS HC A04/MF A01 CSCL 
20A 

Finite difference equations are derived lor sound propagation 
■n a two dimensional straight soft wall duct with a umlorm 
flow by using the wave envelope concept This concept reduces 
the requited number of finite oifferonce pud points by one to 
two otders of magnitude depending on the lonptli of the duct 
and the frequency of the sound The governing acoustic difference 
equations in complex notation are derived An exit condition is 
developed that allows a duct of finite length to simulate the 
wave propagation in an infinitely long duct Sample calculations 
pros timed for a plane wave incident upon the acoustic liner 
show the numerical theory to be in good agieement with closed 
form analytical theoty Complete pressure arid veloctty printouts 
are given to some sample problems and can be used tvs debug 
and check future computer programs Author 


N77-3213#*# National Aeronautics and Space Administration 
lew* Reseeich Center. Cleveland. Ohio 

INUT TURBULENCE ANO FAN NOIK MEASURED IN AN 
ANECHOIC WIND TUNNEL AND STATICALLY WITH AN 
INLET FLOW CONTROL DEVICE 

Loiette M Shew. Richerd P Woodward. Frederick W Glaser 
and Benjamin J Dastoll Oct 1977 28 p refs Presented at 
4th Aeroecoustic Coni. Atlanta, 3-5 Oct 1977 sponsored by 

AIAA 

(NASA-TM-73723. E-9273) Avail NTIS CSCL 20A 

Turbulence and acoustic measurements were twken in a wind 
tunnel which has demonstrated blade passage tona cutoff 
phenomena with forward velocity Turbulence data weie taken 
in a subsonic inlet at various fan speeds under statu and forward 

velocity conditions A honeycomb/ screen flow control device was 
placed over the inlet during static tests to modify the inflow in 
an attempt to simulate flight conditions. Acoustic levels of the 
blade passage tone along with transveise turbulence intensities 
were reduced with forward velocity The flow control device 
reduced the blade passage tone to an intermediate level between 
those levels associated with static and forward velocity opera 


N77-S2B37*# National Aeronautics and Space Administration 
lewis Research Center. Cleveland. Ohio 
AEROACOUBTIC PERFORMANCE OF A SCOOP INLET 
John M Abbott Oct 1977 14 p refs Presented at the 4th 

Aeroacouatics Conf. Atlanta. 3-5 Oct 1977 
I NASA TM - 737 26 , E 9277) Avail NTIS HC A02/MF A01 
CSCL 20A 

A low speed wind tunnel test demonstrated the aerodynamic 
and acoustic performance of a scoop inlet Engine noise is directed 
upward by the extended lower lip of the scoop inlet In addition, 
more of the scoop airflow comes in from above the inlet than 
below leading to relatively higher surface velocities on the upper 
lip and lower surface velocities on the lower lip These lower 
velocities on the lower lip result in a higher attainable angle of 
attack before internal flow separation occurs Author 


N 77-32838*# National Aeronautics and Space Administration 
Lewis Researth Center. Cleveland. Ohio 
INTERIM NOIK CORRELATION FOR SOME OTW CONFIG- 
URATIONS UMNO EXTERNAL JET-FLOW DEFLECTORS 

U VonGlahn and D Groesbeck Oct 1977 27 p rets Presented 
at the 4th Aeraacoustics Conf , Atlanta. 3-5 Oct 1977. sponsored 
by AIAA 

(NASA-TM-73746. £-93171 Avail; NTIS HC A03/MF A01 
CSCL 20A 

Jet flap interaction acoustic data obtamad statically from a 
model-scale study of STOL-OTW configurations with a conical 
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noHie mounted above the wing end using various external 
deflectors to provide jet-flow attachment are correlated The 
acoustic data are correlated in terms that consider the iet/ftao 

;n5£ n eT “'r p,l ™ r "* "ucTuatmS 

lift, trailing edge, and configuration wake noise sources Variables 
considered include deflector gwmetry. flap se«Z anS wino 
size. Finally, the configuration overall noise levels ^ related to 
stat |c lift and thrust measurements in order to provide InViqht 
££*» * co — /“^vnarnic performance trad. oH 

Author 


nr » i 066 ■* u A ,heo, •‘ i “ , >hidv of the acoustic impedance 
? NA " “ m * he pr,,,nc « of a steady grazing flow. E. J. R,ce 
of Amerigo ?' Ch Cemer ' C,e *' eland . Ohio). Acoustical Society 
Pwer 22 p W™u eeti ' ,S ' 9Ut ‘ mshinaton - D C - A P r - 5 ' 9 - 19 ™- 

„ na .° 5C ' llat0rv ,,uid ,,ow in the vicinity of a circular orifice with a 
steady grazing flow is analyzed. A simplified system of partial 

and condi. B r ,Uil, ' 0nS 15 ob!ained by s(artln S with the momentum 
rTnr»!»n, . V and b V assu ™"D lha t the flow can be 

^presented as an oscillatory motion superimposed on the (known) 

steady flow. It ,s found that the equations are linear in the region 
where grazing-llow effects dominate; a solution and the resuham 
d at m 'fT “ ^ 9 '“ en for ,his rc 9 io "- It is tentatively concluded 
* ^at thTo T™ 6 ' S n irCC ' IV PrOp0r,lonal 10 Srazing-flow velocity 

grazmS ' UCt,V<! ** C ° rr, -' CtiQn ‘ n °‘ a f “" »» 

DATA SUMMARY: Comparison of measured and theoroticaf statfc 
Z ar? "7^ 0rir “ ,0r bo,h up ™ a " d d °wm,ream pressure 
a, c nre« ; V3 '’7 eS ^ ™ aSbred ” adc P~. theoretical 
' P e °; normatl2I!d pressure difference, orifice velocity 
grazing flow velocity; one figure includes numeric data. 


A77-198Z9 * « Inlet total pressure loss due to acoustic wall 
treatment. B. A. Miller (NASA, Lewis Research Center, Aeronautics 
Directorate. Cleveland, Ohio). American Institute at Aeronautics and 
Astronautics, Aerospace Sciences Meeting, 15th, Los Angeles. Calif. 
Jan. 24-26, 1977, Paper 77-105. 12 p, 7 refs. 

Experimental determination of the effect of diffuser wall 
acoustic treatment on inlet total pressure loss. Data were obtained by 
testing an inlet mode) with TO different acoustically treated diffusers 
differing only m the design of the Helmholtz resonator acoustic 
treatment. Tests were conducted in a wind tunnel at forward 
velocities to 41 meters per second for inlet throat Mach numbers of 
.5 to .8 and angles of attack as high as SO degrees. Results indicate a 
pressure loss penalty due to acoustic treatment that increases linearly 
W .“ b ,bu poroslt y ° f the acoustic facing sheet. For a surface porosity 
of 14% the total pressure loss was 21% greater than that for an 
untreated inlet. The penalty resulting from treatment increased for 
average Ihroat Mach numbers above approximately .7 whore local 
regions of sonic or supersonic surface bow were encountered. 
Pressure loss over the treatment was not affected by the presence of 
noise, f a h i 

u| A f TA ^ UMMARY ^ Diverse data are presetted,- variables include 
surface Mach number, average throat Mach number, pressure losr 
coefficient, pressure recovery, sound pressure reduction, surface 
porosity fraction of passage height measured from windward tip 
angle of attack at flow separation, facing sheet porosity, and 
honeycomb depth; 12 figures and two tables include numeric data 


A77-31446 ♦ Aeroacoustics. M. E. Goldstein (NASA, Lewis 

Research Center, Cleveland. Ohio). New York, McGraw-Hill Interna 
tional Book Co., 1976. 305 p. 202 refs. S29. 

A review of the acoustics of moving media is provided, taking 
into account a derivation of basic equations, wave-like solutions of 
acoustic equations, the solutions of acoustic equations by superposi- 
tion of elementary sources, the source distribution in unbounded 
regions, the radiation field, energy relations, and moving sound 
sources. The characteristics of aerodynamic sound are considered 
along wish the effect of solid boundaries, the effect of uniform flow. 


acoustic field equations, and the effects of nonunilorm mean flow on 
the generation of sound Attention is given to Lighthill's acoustic 
analogy, the solution of Lighthill’s equation when no solid bound 
aries are present, the application of Lighthill's theory to turbulent 
flows, and the physics of jet noise. G R 


A77-44459 * » Modal density function and number of propa- 
gating modes in duels. E. J. R,ce (NASA. Lewis Research Center. 
Cleveland, Ohio). Acoustical Society of America, Meeting, 92nd Sati 
Diego. Calif., Nov. 16 19. 1976. Paper. 1 9 p. a rels. 

Often raised questions in duct sound propagation studies involve 
the total number of propagating modes, the number of propagating 
radial modes for a particular spinning lobe number, and the number 
of modes possible between two given values of cutoff rat.o or 
eigenvalue. These questions can be answered approximately by using 
the modal distribution function which 1S the integral of the modaf 

nub hedT''"'' , ’ ma,,mr similar Previously 

are a ?' ,MlUral acous "« The modal density functions 
are derived fa. rectangular and circular ducts with a uniform steady 
low. Results from this continuous theory are compared to the actual 
(discrete) modal distributions. (Author | 


A77-44461 * •- OTW noise correlation for several nozzle/wing 
geometries using a 5:1 slot nozzle with external deflectors U von 

Glahn and D, Groesbeck (NASA, Lewis Research Center, Cleveland 
Ohio). Acoustical Society of America. Meeting. 92nd, San Diego 
Caht, Nov. 16-19, 1976, Paper. 28 p. 9 refs 

Acoustic spectral data obtained from a model -scale study of 
several OTW configurations with a 5:1 slot nozzle using various 
external deflectors are correlated in terms of deflector geometry and 
flow parameters. Variations in the deflector geonu-t y inciude 
deflator size and deflector angle. In addition, geometry va.-atiom, in 
ap set. -ig and nozzle chordwise location arc included Three 
dominant raise sources are correlated: fluctuating lift noise, flap 
trailing edge noise, and jet mixing noise Aerodynamic charac- 
teristics, including lift and thrust measurements, obtained tor the 
various configurations are summarized (Author I 


A77-51042 • - Multimodal far-field acoustic radiation pattern 
-An approximate equation. 6. J. R, C e (NASA, Lewis Research 
Center, Cleveland, Ohio). American Institute of Aeronautics and 
,J™' h l UtlCS - Aenttoustics Conference, 4th. Atlanta. Ga.. Oct. 3-5 
1977, Paper 77-1281 . 9 p. 14 refs. 

The far-field sound radiation theory lor a circular duct was 
studied for both single mode and multimodal inputs. The in- 
vestigation was intended to develop a method to determine the 
agousbc power produc’d by turbofans as a function of mode cut-off 
rat.o. This information is essential for the design of acoustic 
suppressors in engine ducts. With reasonable simplifying assumptions 
the single mode radiation pattern was shown to be reducible to a 
function of mode cut-off ratio only (modal indices removed! With 
modal cut-off ratio as the dominant variable, multimodal radiation 
patterns can be reduced to a simple explicit expression This 
approximate expression provides excellent agreement with an exact 
calculation of the sound radiation pattern using equal acoustic power 
per mode. Radiation patterns for cases other than equal modal power 
are presented using the approximate radiation equation An ap- 
proximate expression for the duct termination losses as a function of 
cut-off ratio is also included. (Author) 


A77-51095 " » Interaction of rotor tip flow irregularities with 
stator vanes as a noise source. J. H. Dittmar (NASA, Lewis Research 
Center. Cleveland, Ohio). American Institute of Aeronautics and 
Astronautics, Aeroacoustics Conference, 4 tit, Atlanta Ga Oct 3-5 
'-377. Paper 77- 1342 10 p. 27 refs. ' 

The role of the interaction of rotor tip flow irregularities 
(vortices and velocity defects) with downstream stator vanes is 
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discussed as a possible fan noise mechanism. This is accomplished by: 
indicating some of the methods of formation of these flow 
irregularities; observing how they would behave with respect to 
known noise behavior and; attempting to compare the strength of 
the rotor tip flow irregularity mechanism with the strength of the 
more common rotor wake-stator mechanism. The rotor tip flow 
irregularity-stator interaction is indicated as being a probable inflight 
noise source. (Author) 


A77-51107 * r Aeroacoustic performance of a scoop inlet. J. 

M. Abbrtt (NASA, Lewis Research Center, Cleveland, Ohio). 
American Institute of Aeronautics and Astronautics, Aeroacoustics 
Conference, 4th, Atlanta, Ga„ Oct 3-5, 1977, Paper 77-1354. lOp. 
10 refs. 

Results of a low speed wind tunnel test program are presented 
which demonstrate the aerodynamic and acoustic performance of a 
scoop Inlet. Engine noise that would normally propagate toward the 
ground is directed upward by the extended lower lip of the scoop 
inlet. In addition, more of the scoop airflow comes in from above the 
inlet than below, leading to relatively higher surface velocities on the 
upper lip and lower surface velocities on the lower tip. These lower 
velocities on the lower lip result in a higher attainable angle of attack 
before internal flow separation occurs. (Author) 


N77-15792*# Hersh Acoustical Engineering. Chatsworth. Calif. 

SOUND PROPAGATION IN CHOKED DUCTS Final 
Contractor Report 

Alan S. Hersh and C. V. Liu Dec. 1976 44 p refs 
(Contract NAS3-t8556) 

( NASA-CR- 1 35 1 23) Avail: NTiS HC A03/MF A01 CSCL 
20A 

The linearized equations describing the propagation of sound 
in variable area ducts containing flow are shown to be singular 
when the duct mean flow is sonic. The singularity is removed 
when previously ignored nonlinear terms are retained. The results 
of a numerical study, for the case of plane waves propagating 
in a one-dimensionai converging-diverging duct, show that the 
sound field is adequately described by the linearized equations 
only when the axial mean flow Mach number at the duct throat 
M sub th < 0.6, For M sub th > O.B, the numerical results 
showed that acoustic energy flux was not conserved. An attempt 
was made to extend the study to include the nonlinear behavior 
of the sound field. Meaningful results were not obtained due. 
primarily, to numerical difficulties. Author 

DATA SUMMARY: Results of numerical analyses of sound 

propagation In ducts; variables include Mach number./sound 
reflection coefficient, sound transmission; 6 figures include 
numeric data. 


N77-1M79*! AiResearch Mfg. Co., Phoenix. Ariz. 

ADVANCED ACOUSTIC AND AERODYNAMIC 20-INCH 
FAN PROGRAM Final Report 

J. R. Erwin and R. W. Heldenbrand 15 Dec. 1977 94 p refs 
(Contract NA53-18533) 

(NASA-CR-135093; AiReseareh-75-21 1789) Avail: NTIS 
HC A05/MF A01 CSCL 20A 

The aerodynamic analyses, mechanical analyses, and stress 
teats of a 20-inch diameter advanced fan deaign intended for 
acoustic investigation by NASA-LeRC are discussed. A high tip 
spaed transonic fan rotor was scaled directly to 20.0 inches 
(0.508 m) from a 28.74-inch (0.73-m) diameter rotor. A new 
stator was designed and fabricated for the fan and incorporated 
with a test rig housing and adapter hardware for Installation in 
the NASA-LeRC Jet Noise Facility for acoustic evaluation. The 
stator was designed to allow mounting at three axial locations, 
and the fan, housing, and adapters are reversible so that either 
the inlet or the exhaust ends of the assembly face the open 
room of the test facility. Excellent aerodynamic performance is 
predicted, and a low noise signature is expected since the unique 
aerodynamic design features of this fan are directly conductive 
to producing minimum sound power. Author 


DATA SUMMARY. Diverse datB are presented: variables 
include weight, moments of inertia, stresses, strain, radius, angles, 
frequency, speed, torsional flutter parameter. Mach number 


N77-28910*# Mississippi Urav, University 

ATMOSPHERIC ABSORPTION OF HIGH FREQUENCY 
NOISE AND APPLICATION TO FRACTIONAL-OCTAVE 
BANDS Final Rapoit 

F. Douglas Shields and H. £ Bass Washington NASA Jun 
1977 239 p refs 
(Contract NAS3- 19431) 

(NASA-CR 2760) Avail: NTIS HCA11/MFA01 CSCL 20A 
Pure tone sound absorption coefficients were measured at 
1/12 octave intervals from 4 to 100 KHz at 5.5K temperature 
intervals between 255.4 and 310 9 K and at 10 percent relative 
humidity increments between 0 percent and saturation in a 
large cylindrical tube (i.d.. 25 4 cm: length. 4.8 m). Special 
solid-dielectric capacitance transducers, one to generate bursts 
of sound waves and one to terminate the sound path and delect 
the tone bursts, ware constructed to fit inside the tube. The 
absorption was measured by varying thB transmitter receiver 
separation from 1 to 4 m and observing the decay of multiple 
reflections or change in amplitude of the first received burst. 
The resulting absorption was compared with that from a 
proposed procedure for computing sound absorption in still air. 
Absorption of bands of noise was numerically computed by using 
the pure tone results. The results depended on spectrum shape, 
on filter type, and nonlinearly on propagation distance. For some 
of the cases considered, comparison with the extrapolation "of 
ARP-866A showed a difference as large as a factor of 2. However, 
far many cases, the absorption for a finite band was nearly 
equal to the pure tone absorption at the center frequency of 
the band. A recommended prediction procedure is described for 
1/3 octave band absorption coefficients. Author 


N77-32B36*# Hersh Acoustical Engineering, Chatsworth. Calif. 

FLUID MECHANICAL MODEL OF THE HELMHOLTZ 
BEBONATOR Final Report 

Alan S. Hersh and Bruce Walker Washington NASA Sbd 
1977 74 p refs 
(Contract NAS3- 185421 

(NASA-CR-2904) Avail; NTiS HC A04/MF A01 CSCL 20A 
A semi-empirical fluid mechanical model of the acoustic 
behavior of Helmholtz resonators is presented which predicts 
impedance as a function of the amplitude and frequency of the 
incident sound pressure field and resonator geometry. The model 
assumes that the particle velocity approaches the orifice in a 
spherical manner. The incident and cavity sound fields are 
connected by solving the governing oscillating mass and 
momentum conservation equations. The model is in agreement 
with the Rayleigh slug-mass model at low values of incident 
sound pressure level. At high values, resistance is predicted to 
be independent of frequency, proportional to the square root of 
the amplitude of the incident sound pressure field, and virtually 
independent of resonator geometry. Reactance is predicted to 
depend in a very complicated way upon resonator geometry, 
incident sound pressure level, and frequency. Nondimensiona! 
parameters are defined that divide resonator impedance into three 
categories corresponding to low. moderately low, and intense 
incident sound pressure amplitudes. The two-microphone method 
was used to measure the impedance of a variety of resonators 
The data were used to refine and verify the model. Author 


^^ 7-^9780 * ft Increase in effectiveness of low frequency 
acoustic liners by use of coupled Helmholtz lesonators. L. W. Dean 
(United Technologies Corp., Pratt and Whitney Aircraft Group, East 
Hartford, Conn.). American Institute of Aeronautics and Astronau- 
tics, Aerospace Sciences Meeting, 15th, Los Angeles, Calif., Jan. 
24-26. 1977, Paper 77-19. 9 p. 14 refs. Contract No. NAS3-18552. 

Coupling of Helmholtz resonators in a low-frequency absorber 
array was studied as a means for increasing the effectiveness lot 
absorbing low-frequency core engine noise. The equations for the 
impedance of the coupled-resonator systems wore developed in terms 
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of uncpupled-resonator parameters, and the predicted impedance (or 
a parallel-coupled scheme is drown to coinpato favorably with 
measurements from .1 test model, hr Addition, Attenuation measure 
merits made in a flow duel on test coupled-resonator panels ate 
shown to compare favorably with predicted values. Finally, the 
parallel-coupled concept is shown to give significantly moie attenua- 
tion than that of a typical uncoupled resonatoi array or the same 
total volume. (Author) 

DATA SUMMARY: Diverse data are presented; variables include 
acoustic frequency, specific resistance. specific reactance, attenua- 
tion, thiid octavo-band center frequency, resonator neck diameter, 
neck length, cavity volume, surface area, analogous resistance; ten 
liguies and three tables include numeric data 


1,2. Fan stream jet velocity tanged up to 2000 fps at 1 variety of fan 
exhaust pressure ratios and tempeiatures for a core stream of 1000 
Ips. Tlie wind tunnel airflow was varied from static to 425 fps. The 
acoustic results indicated that the noise level differences seen 
previously undot static conditions ate retained in the flight environ 
went. (Author I 


A77-44494 * Tube method of soundabsorptlcn measure- 

ment extended to frequencies ter above cutoff. I s D. Shields. H. E 
Bass, and L. N Bolen (Mississippi, University, University, Miss. I. 
Acoustical Society of America. Journal, vol 02, Aug. 1977, p. 
3-1 0-353. 9 refs. Contract No. NAS3 V9431 

Equipment had been constructed for measuring sound absorb 
tion in the frequency range from 4 to 100 kHi in a laige tube 25 4 
cm in diameter and 4, Bin long The technique employs a large 
moveable solid dielectric capacitance transducer that completely fills 
the tube cross section and generates pulses of plane waves An 
identical transducer terminates the other end of tho tube and serves 
ns .i microphone to detect and reflect the sound pulses. Measure- 
ments in argon, nitrogen, and air indicate that the attenuation of the 
sound pulses differs by less than 1% from values calculated (or tho 
rt-io ortlei mode lor frequencies up to 44 times the culofl frequency 
for the fust 'nonplane' mode. Above that frequency, the measured 
values are less than those predicted by thorny by an amount that is 
approximately proportional to the wavelength to the 3.1 power , In a 

smaller tube ol similar construction, the high-frequency deviation 
from theory is absent. (Author) 


A77-51030 * H An experimental study of transmission, reflet 
tion and scattering of sound in a free get flight simulation facility and 
comparison with theory, K, K, Ahuia, B, J, Tester, H. K, Tanna, anti 
N. Senile (Lockhtod-Gootgia Co,, Marietta, Ga.I. American Institute 
at Aeronautics and Astronautics . Attroacousrics Conference, 4th. 
Atlanta. G.t. Ocf. 3-5, 131?, Paper 711166. 17 p. 6 refs. Contract 
No. NAS3 20050. 

Acoustic time delays across a (tee-jet shear Uiyui are measured 
and compared with predictions based on (I) iay paths infracted 
abruptly across a cylindrical vortex sheet and (2) ray paths traced 
through a more realistic diveiying flow model. The close agreement 
between measurement ant* theory confirms that Snell's law provides 
an accurate prediction of Wavefront refraction or angle changes 
across a diverging shear layer. Microphones are placed on calculated 
ray paths to determine the coherent transmission and internal 
reflection characteristics of the shear layer and also the scattering of 
sound by the shear-layer turbulence. The transmission data essential- 
ly verity tlie proposed, theoretical calibration factor which forms 
part ol a computational precedin' at is being developed to convert 
model jet data from a freo jet facility to inflight conditions, (Author) 


A77-51083 * a Effect of simulated forward speed ott the (*t 
noise of Inverted velocity profile coannular tto«les, A. B. Packman, 
K, W, Ng (United Technologies Corp.. Pratt and Whitney Aircraft 
Group. East Hartford, Conn.), and C. Y. Chen (United Technologies 
Research Center, East Harriott!, Conn,). American institute ol 
Aeronautics and Astronautics, Aitroacousttes Conference. 4th. 
Atlanta, Ga„ Oct. 3-5, 1377, Paper 77 1329. 12 p. fSruls. Contract 
No. N.AS3 17BGG. 

Tests were conducted of inverted velocity profile coannular 
nonius and a conical iiorrie in an acoustic wind tunnel facility to 
simulate flight effects on jet noise generalion. Coannular model 
ruuries wore tested at fan to core noulc exit area ratios of .75 and 
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72 ATOMIC AND MOLECULAR 
PHYSICS 

Includes atomic structure and molecular spectra. 


A77-T0534 * Production of Mg and Al Auger electrons by 

nobis get ion bombardment of Mg end Al sutfocts. J. Ferrante and S. 
V. Pepper (NASA, lewis Research Center, Cleveland, Ohio). Surface 
Science, vol. 58, no, 2, Aug. 1976, p. 613-617, 1 1 refs. 

Relative production efficiencies of Mg and Al Auger electrons 
by He, Ne, Ar, Kr, and Xe Ion bombardment are reported as a 
function of ion energy for energies not exceeding 3 keV, The 
experimental apparatus employed consisted of a LEED-Auger system 
equipped with an ion gun and a four-grid retarding-potential 
analyzer. It is found that (1) the shape of the ion-excited Auger 
signal was independent of the rare gas and quite symmetric; (2) the 
Al signal was about an order of magnitude smaller than the Mg signal 
for a given bombarding species and ion-gun voltage; (3) no signal was 
observed for He(+| bombardment under any of the experimental 
conditions; (4) signal strengths were independent of temperature and 
ion dose; (51 the Auger production efficiencies differed by no more 
than a factor of two among the different gases ■ except for He(+) - on 
a given metal; (6) all the signal strengths increased with increasing 
ion-gun voltage, with no maximum exhibited; and (7) the apparent 
threshold energy fot the Al signal was higher than that for the Mg 
signal. The differences between the results for the two metals are 
attributed to the fact that the Ai 2p orbital lies deeper in energy and 
closer to the nucleus than the corresponding Mg orbital. F.G.M. 


N77-27SSO*# IRT Corp.. San Diego, Calif. 

* ECT,ON * *=*>« CHARGE TRANSFER BETWEEN 
MERCURY IONS AND OTHER METALS Final Report, Jun. 
1873 - Apr. 1977 

David A Vroom and John A Rutherford 16 Jun 1977 54 □ 
refs 

(Contract NAS3- 17759) 

(NASA-CR- 135205: Rept 8095-046) Avail: NTIS 

HC A04/MF A01 CSCL 20H 

Cross sections for charge transfer between several ions and 
metals of interest to the NASA electro propulsion program have 
been meesured. Specifically, the ions considered were Hg(+), 
Xei + ) and Cs( +■ ) and the metals Mo, Fe, Ai, Ti, Ta. and C. 
Measurements were made in the energy regime from 1 to 5.000 
eV. In general, the cross sections for charge transfer were found 
to be less than 10 (o the minus 15 power sq cm for most 
processes over the total energy rangB. Exceptions are HgU) in 
collision with Ti and Ta The results obtained for each reaction 
are given in both graphical and numerical form in the text. For 
quick reference, the data at several ton velocities are condensed 
into one table given in the summary. Author 


A77-25149 * Generation of atomic H in a hydrogen matrix 

by tritium decay. F. J. Zeteznik (NASA, Lewis Research Center. 
Cleveland, Ohio). Journal of Chemical Physics, vol. 65 Dec 1 I97 b' 
p. 4492-4496. ' ’ 

Webeler's (1976) experimental results for the generation of 
atomic hydrogen in a hydrogen matrix by tritium decay are 
reexamined with a variant of Rosen's (1976) mathematical treat- 
ment. The analysis retains Rosen's equations for the number 
densities of trapped and mobile hydrogen atoms, but replaces his 
enthalpy equation with an equation for the directly measured 
temperature. Theoretical expressions are derived for the dependence 
of storage time, ^combination time, and maximum density of 
trapped hydrogen atoms as a function of temperature for a given 
tritium concentration. A comparison of predictions for the maxi- 
mum trapped atomic hydrogen number density as a function of 
storage time reveals that Rosen's estimate for the maximum number 
density of hydrogen atoms for the zero magnetic field case is a little 
more optimistic than the estimate obtained in the paper. S.D. 


A77-46688 * Properties of small Ar sub N-1 K/+/ ionic 

dusters. R. D. Etters (NASA. Lewis Research Center, Cleveland, 
Ohio; Colorado State University, Fort Collins, Colo.), R. Danilowicz 
(Utica College, Utica, N.Y.), and J, Dugan (Science and Technology 
Committee, Washington, D.C.). Journal of Chemical Physics, voL 67, 
Aug. 15, 1977, p, 1570-1575. 13 refs. Grant No. NGR-06-002-159. 

A self-consistent formalism is developed that, based upon a 
many-body potential, dynamically determines the thermodynamic 
properties of ionic clusters without an a priori designation of the 
equilibrium structures. Aggregates consisting of a single dosed shell 
K(+) ion and N-1 isoelectronic argon atoms were studied. The 
clusters form crystallites at low temperatures, and melting transitions 
and spontaneous dissociations are indicated. The results confirm 
experimental evidence that shows that ionic clusters became less 
stable with increasing N. The crystallite structures formed by four 
different clusters are isosceles triangle, skewed form, octahedron 
with ion In the middle, and icosahedron with the ion in the middle. 

M.L. 
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73 NUCLEAR AND HIGH-ENERGY 
PHYSICS 

Includes efementary and nuclear particles: and reactor 
theory. 

For space radiation seo 93 Space Radiation. 


N77-12B47*# National Aeronautics and Space Administration 
Lawn Research Canter. Cleveland. Ohio. 

N0NFR0FUL8IVE APPLICATION* OF ION KAMI 

W, R Hudson 1976 16 p refs Presented at the 12th 

Intern. Elec. Propulsion Coni. Key Blscayne, Fla.. 15-17 Nov 
1976: sponsored by AIAA 

(NASA-TM-X-73611; E-8861) Avail: NTIS HC A02/MF A01 
CSCL 20J 

Eight centimeter Ion beam sources utilizing xenon and argon 
have been developed that operate over a wide range of beam 
energies and currents Three types of processes have been studied, 
sputter deposition, ion beam machining, and ion beam surface 
texturing, The broad range of source operating conditions allows 
optimum sputter deposition of various materials. An ion beam 
source was used to ion mill laser reflection holograms using 
photore'-ist patterns on silicon. Ion beam texturing was tried 
with many materials and has a multitude of potential epplica- 
,lons Author 



‘ ^ * I 


capabilities, and lower collector work fur ons until the converter 
performance level is suitable for out-of-c rre space teactors and 
radioisotope generators Electrode screening experiments have 
identified several promising collector materials Back omission 
work function measurements of a ZnO collector in o thermionic 
diode have given values less than t 3 oV Diode tosts worn 
conducted over the range of temperatures of interest for space 
power applications Enhanced mode convertor experiments have 
included triodes operated in both the surfaco mnizetion and 
plasmatron modes Pulsed triodes wore studied as a function of 
pulse length, pulse potential, inert gas fill pressure, cesium 
pressure, spacing, emitter temperature and collector temperature 
Current amplifications he. mean output curront/mean grid 
current) of several hundred were observed up to output cu.rent 
densities of one amp/sq cm Those data correspond to an 
equivalent arc drop lass than 0 1 eV Author 


N77-17640*# National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland, Ohio 

A PRELIMANARY AREA SURVEY OF NEUTRON RADIA- 
TION LEVELS ASSOCIATED WITH THE NASA VARIABLE 
ENERGY CYCLOTRON HORIZONTAL NEUTRON DELIVERY 
SYSTEM 

W. k. Roberts and R. Leonard Dec 1976 14 p ref 
(NASA-TM-X-73577: E-9035) Avail: NTIS HC A02/MF A01 
CSCL 21 H 

The 26 MeV deuteron beam from the NASA variable energy 
cyclotron incident on a thick beryllium target will deliver a tissue 
neutron dose rate of 2 14 rad micron A-min at a source to skin 
distance of 125 cm. A neutron survey of the existing hallways 
with various shielding configurations made during operating of 
the horizontal neutron delivery system indicates that minimal 
amounts of additional neutron shielding material are required to 
provide a low level radiation environment within a self- 
contained neutron therapy control station Measurements also 
indicate that the primary neutron distribution delivered by a 
planned vortical delivery system will bo minimally perturbed by 
neutrons bnckscattered from the floor Author 


A77-23322 * Evaluation of nudear-reactor-produced iodine- 

123. J. W. Blue (NASA, Lewis Research Center, Cleveland. Ohiol and 
V. J. Sodd (Cincinnati General Hospital, Cincinnati. Ohio!. Medical 
Physics, vol. 3, Sept. -Oct. 1976. p. 358, 359. 6 refs. 

Iodine-123 has such great potential for nuclear medicine that all 
possible production methods should be consider, d. In this report, an 
experimental study related to 1-123 product on at a high-intensity 
fast-flux reactor using the reaction Xe-1'.4tn.2n)Xo-123 is con- 
sidered. The conclusion is that 1-123 c.iuid be made in small 
quantities and the cost would be higher than the cyclotron methods 
presently used. (Author! 


N77-13820*# Thermo Electron Corp., Waltham. Mess 
HIGH EFFICIENCY THERMIONIC CONVERTER STUDIES 

F N. Huffman, A. H Sommer. C L. Balestra. D P. Briere. and 
P. E Oatttnger Nov, 1976 127 p refs 
(Contract NAS3- 19066) 

(NASA-CR- 135125: TE4202-12-77) Avail. NTIS 

HC A07/MF A01 CSCL 10B 

The objective is to Improve thermionic converter performance 
by means of reduced interelectrodo losses, greater emitter 


74 optics 

Includes light phenomena 


A77-26394 * it Optical properties of ion beam textured met- 
al*. W. R. Hudson. A. J. Weigand, and M J. •flirtich (NASA, Lewis 
Research Center, Cleveland, Ohio). American Vacuum Society, 
Annual Symposium on Applied Vacuum Science and Technology, 
6th. Tampa, Fla,. Feb. 14-16, 1977. Paper. 19 p. 16 rets. 

Copper, silicon, aluminum, titanium and 316 stainless steel were 
textured by 1000 eV xenon ions from an 8 cm diameter electron 
bombardment ion source. Copper, silicon, and aluminum developed a 
cone structure with an average peak-to-peak distance ranging from 1 
micron for silicon to 6 microns for aluminum. Titanium and 316 
stainless steel developed a serpentine ridge structure. The average 
peak-to-peak distance for hoth ol these materials was 0.S micron. 
Total reflectance tor air mass 0 and 2. solar absorptanco, and t jtal 
emittance, normalized for a 425 K black body were calculated from 
the reflectance measurements. All materials had solar absorptanccs 
between 0.93 (stainless steel) and 0.97 (silicon and aluminum). Total 
emittance values of 0.75, 0.80, and 0.85 for Si. At, and Cu, 
respectively, resulted in a solar absorptance/total emittance ratio of 
approximately 1,2. Titanium and 316 stainless steel had values of 2.6 
and 2.9, respectively, for this ratio. (Author) 

DATA SUMMARY: Diverse data ate presented; variables include 
ron-beam sputtering duration, peak-to-peak surface-structure spacing, 
surface-structure height, surface growth rate, total solar reflectance, 
solar infrared reflectance, solai absorptanco for air mass zero, solar 
absorptanco foi an mass two, total emittance, collector stagnation 
temperature. 
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75 PLASMA PHYSICS 

Includes magnetohydradynamics and plasma fusion 
For ionospheric plasmas see 46 Geophysics For space 
plasmas see 90 Astrophysics 


N77-I7BBZ*# National Aeronautics and Space Administration 
Lewi* Research Center, Cleveland, Ohio 

ESTIMATES OF OPTIMAL GENERATING CONDITIONS FOR 
HYOROGEN-OXVGEN CESIUM-SEEDED MAGNETO- 
HYDRODYNAMIC POWER GENERATOR 

J Marlin Smith end Lester D Nichols Washington Feb 1977 
37 p rels 

(NASA-TN-O-8374. E-88281 Avail NTIS HC A03/MF AOI 
CSCL 201 

The value of percent seed, oxygen to fuel ratio, combustion 
pressure, Mach number, and magnetic field strength which 
maxinttie either the electrical conductivity or power density at 
the entrance of an MHD power generator was obtained The 
working fluid is the combustion product of H2 and 02 seeded 
with CsOH The ideal theoretical segmented Faraday generator 
along with an empirical form found from correlating the data of 
many experimenters working with geneiotors of dilfeteni sums, 
electrode configurations, and working fluids, are investigated The 
conductivity and power donsihos optimize at a seed traction of 
3 5 mole percent and an oxygen to hydrogen weight ratio of 
7 5 The optimum values of combustion prossuru and Mach 
number depend on the operating magnetic field strength. Author 


N77-19868*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

A HEAVY tON BEAM PROBE SYSTEM FOR INVESTIGATION 
OF A MODIFIED PENNING DISCHARGE 

George X Kambic and Waltor M Krawczonok Mar 1977 
34 p refs 

INASA-TM-X-3485: E 8869) Avail NTIS HC A03/MF AOI 
CSCL 201 

An ion beam piaba diagnostic system can measure time- 
and space-resolved profiles of plasma spaco potential and electron 
density In combination with a computer iterative technique. the 
ion beam probe can detormmo both the spoco potential profile 
in plasmas containing strong electric fields and potentials 
comparable in magnitude to the energy of the probing ion beam 
During ion beam ptobing of a modified Penning discharge, several 
groups of secondary ions were observed coming from the plasma 
with a fixed primary beam onorgy and momentum The energies 
of these tons were within 1 0 porcont of the values predicted by 
a computer generated model of the potential profile in the plasma 
The mechamc.il and electronic components of the system are 
described, with qarticular emphasis on those features required 
to probe plasma potentials comparable m magnitude to the ion 
beam energy Author 


N77-23936*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

RESULTS OF CLOSED CYCLE MHO POWER GENERATION 
TEST WITH A HELIUM CESIUM WORKING FLUID 

Ronald J Sovie 1977 10 p rids Presented at the 16th 

Svmp on the Engr Aspects o( Magnetohydiodynamics, Pittsburgh 
Pa. 16 18 May 1977 

(NASA TM X 73621 E 91121 Avail NTIS HC A02. MF AOI 
CSCL 201 

The cross sectional dimensions of the MHD channel in the 
NASA Lawis closed loop facility were induced to 3 8 x 114 cm 
Tests were run in this channel using a helium-cesium working 
fluid at stagnation pressures of 160 000 M2 stagnation 
temperatures of 2000 2060 K. and an entrance Mach number 
of 0 36 In theso tests Faraday open eiicuit voltages of 200 V 
were measured winch correspond lo a Faraday hold of 
1750 V M Power generation tests were run tor different gioups 
of electrode configurations and channel lengths Hall holds up 
to 1450 V/M wo*o generated Power extraction per electrode 
ol 183 W and power densities of t 7 MW M3 wore obtained 


A total power output ol 2 kW was generated for tests wita 14 
electrodes The power densities obtained in tlm. channel represent 
a factor of 3 improvement ovoi those previously repotted for 
Iho M 0 2 channel Author 


N77-23937*lf National Aeronautics and Space Administration 
Lewis Research Canter Cleveland. Ohio 

SPECTROSCOPIC DETERMINATION OF ELECTRICAL 
CONDUCTIVITY IN AN MHD DUCT FROM ABSOLUTE 
INTENSITY MEASUREMENTS 

S Y Wang and Marlin Smith 1977 l p infs Presented at 
Ifllh Symp on Engr Aspects o* M agnetohydrodynarnics 
Pittsburgh 16 18 May 1977 

(NASA TM-X-7362G. E 91 181 Avail NTIS HC A02/MF AOI 
CSCL 201 

Measurements of the electrical conductivity in the NASA 
Lewis cesium seeded. H2 02 MHO duel have boon previously 
reported In ora r to corroborate the above measurements and 
to analyze the possilnlity ol nonumfotm seed injection as a cause 
ol the deviations a spectroscopic investigation of the plasma 
conducbvuv has been undi'itdken Tiansverse profiles ol the 
absolute integrated intonsny were measured from the optically 
thin lines ol CSI 5664 microns and 5636 microns Radial 
profiles of emission coefficient were obtained from the measured 
transverse profiles of intensity by Abel inversion Radial profiles 
of olecinc.il conductivity wine then obtained under two different 
assumptions In the lust Iho Cs seed traction is assumed uniform 
and equal to the measured flow rare at the time when the 
temperature and conductivity were obtained In the second 
method the local temporutuie and pressure aie taken to be 
those given by a one- dimensional channel calculation including 
heal pansier and Inchon In mis case profiles of conductivity 
and soed fractions aie obtained The results of the twu methods 
aio compared to the previously measured conductivity Author 


N77-24945*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

NEUTRON MONITORING AND ELECTRODE CALORIMETRY 
EXPERIMENTS IN THE HIP-1 HOT ION PLASMA 

John J, Rommann and Robert W Layman (Dartmouth Coll.) 
May 1977 27 p refs Presented at Am Phys Soc. Meeting. 
San Francisco. 15-19 Nov 1976 

(NASA-TM X-3525. E-9063) Avail NTIS HC A03/MF AOI 
CSCL 201 

Results are presented (or Iwo diagnostic procedures on HIP- 1 . 
neutron diagnostics to determine whore neutrons originated within 
the plasma discharge chamber and electrode calorimetry to 
measure the steady-state power absorbed by the two anodes 
and cothodes Results are also reported for a hot-ion plasma 
formed with a continuous-cathode rod. one that spans the full 
length of the test section, in place of the two hollow cathodes. 
The outboatd neutron source strength increased relative to that 
at the midptane when (II the cathode tips ware moved farther 
outboard. 12) tho anode diameters were increased, and (3) one 
of the anodes was removed The distribution of neutron sources 
witlun the plasma discharge chamber was Insensitive to tho 
division of current between the two cathodes For the continuous 
cathode, increasing the discharge current increased the midplane 
neutron source strength relative to the outboard source strength. 
Each cathode absorbed from 12 to t5 percent of the tnput 
power regardless of the division of current between the cathodes 
The anodes absorbed from 20 to 40 percent of tho input power. 
The division of power obsotption between the anodes varied 
with plasma operating conditions and electrode placement 

Author 


N77-25983*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

FACTORS AFFECTING ION KINETIC TEMPERATURE. 
NUMBER DENSITY. AND CONTAINMENT TIME IN THE 
NASA LEWIS BUMPY-TORUS PLASMA 

J, Reece Roth Washington May 1977 67 p rels 
(NASA-TN-D 8466. £-9042) AvS|l NTIS HC A04/MF AOI 
CSCI 201 


169 


The degree ol toroidal symmetry of the plasma, the number 
of nndplana electrode rings, the configuration of electrode rings, 
anil tho location of the diagnose > istrumenl* with respect to 
the electrode rings used to generate the plasma are discussed 
Impurities were deliberately introduced into the plasms, and the 
effects of tho impurity fraction on ion kinetic temperature and 
electron number density were observed It is concluded that, if 
necessary precautions ate taken, the plasma communicate* 
extremely well along the magnetic field lines and displays a 
high degree of symmetry from sector to seclor for a wide range 
of electrode ring configurations and operating conditions Finally, 
some characteristic data taken undor nonoptimized conditions 
are presented, which Include tho highest electron number density 
and the longest particle containment time (19 msec! observed 
Also evidence from a paired comparison test is presented which 
shows that the electric field acting along the minor radius of 
the toroidal plasma improves the plasma density and the calculated 
containment time mom than an order of magnitude if the electric 
field points inward, relative to the values observed when it points 
(and pushas ions) radially outward Author 


N77 J7I11*(I National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

OPTIMIZATION OF CONFINEMENT IN A TOROIDAL 
PLASMA SUSJECT TO STRONG RADIAL ELECTRIC 
FIELDS 

J Reece Rolh 1977 33 p refs presented at Intern. Conf. 
on Ptasma Sci. Troy. N V . 23-25 May t977. sponsored by 
IEEE 

(NASA-TM-X-73690, E-9225) Avail NTIS HC A03/MF AOt 
CSCL 201 

A preliminary report on the identification and optimization 
of independant variables which affect the ion density end 
confinement time in a bumpy torus plasma it presented. The 
independent variables include the polarity, position, and number 
of the midplane electrode rings, the method of get injection, 
and the polarity and strength of a weak vertical magnttlc field. 
Some characteristic data taken under condition when most of 
the independent variables were optimized are presented The 
highest value of the electron num'ier density on the plasma 
axis is 3 2 x 10 to the 12th power. ee, the highest ion heeting 
efficiency is 47 psreent. and the longest particle containment 
time it 2,0 milliseconds, Author 


N77*27B21*f FTationsI Aeronautics end Space Administration. 
Lewis Reteerch Center. Cleveland. Ohio 

INVESTIGATION OF POSSIBLE LOWER HYBRID EMISSION 
FROM THE NASA LEWIS BUMPY TORUS PLASMA 

R Mallavarpu and J R. Roth May 1977 18 p refs Presented 
>t the Intern. Conf. on Plasma Sci.. Troy, N Y . 23-25 May 
1977: sponsored by IEEE 

(NASA TM-X-73889! Avail: NTIS HC A02/MF A01 CSCL 
2d 

Radio frequency amission has been detected near the power 
hybrid frequency of a bumpy torus plasma by uemg a responsive 
detection system that consists of a spectrum analyzer and > 
SO ohm miniature coaxial antenna concentrically located in a 
re-entrant quartz tube. The irequancy shift of a broad emission 
peek was monitored as a function of background pressure, 
electrode voltige, and the strength of the dc magnetic field. 
Simultaneous measurements of the average plasma density were 
made with a polarization dipiaxtng microwave interferometer. The 
information derived from the experiment is discussed with 
particular reference to the following 111 whether the emissions 
are dominated by atomic or molecular species of deuterium: (21 
the strength of the dc magnetic field in the emitting region; 13) 
the geometric location of the emitting region of the pltsmt; (4) 
comparison of the lower hybrid plasma density with the average 
plasma density; and 16) relation of ion spoke geometry to lower 
hybnd emission Author 


N77 UtH'| National Aeronautics and Space Administration. 
Lewis Research Canter. Cleveland Ohio 
A HOLLOW CATHODE HYOROGEN ION SOURCE 
J S Sovay and M J Munch Oct 1977 10 p refs Presented 
at 7th Symp on Eng. Ptobr of Fusion Res . Knoxville Term . 
25-28 Oct t972. sponsored by IEEE Inc 
INASA-TM 73783; E-9345) Avert NTIS HC A02/Mf A01 
CSCL 201 

High current density ion sources have been used to hest 
plasmas m controlled thermonuclear reaction experiments High 
beam currents imply relatively high emission currents from 
cathode* which have generally taken the tonn of tungsten 
filaments. A hydrogen ton source ts described which was primarily 
developed to assess the emission current capability end design 
requirements for hollow cathodes for application in nmrlral infection 
devices The hydrogen source produced ions by electron 
bombardment Vie a single hollow cathode Source design followed 
mercury ion thruster technology, using n weak magnetic held to 
enhance ionization efficiency Author 


N77-S4000*| National Aeronautics and Space Administration 
lewis Research Center. Cleveland. Ohio 

ALTERNATIVE APPROACHES TO PLASMA CONFINE- 
MENT 

J Reece Rolh May 1977 79 p refs Preseined at Mtmcouree 
on Controlled Fusion Tioy. N. Y 25-27 May 1977. sponsored 
by IEEE 

(NASA-TM-X'73793. E 93611 Avail NTIS HC A05/MF A01 
CSCL 201 

The potential applications til fusrun reactors the dostrablo 
properties of isactors intended (or vanous applications, and the 
limitations of the Tokamak concept are discussed The pnnciptes 
and characteristics of 20 distinct alternative confinement concepts 
are described, each ol which may ha an alternative to the Tokamak 
The devices aie classed as Tokamak like, srollsrator like, mirror 
machines, bumpy ton, electrostatically assisted migma concept, 
and wall confined plasma Author 


A77-39533 * .4 Rstults of dosed cycle MHD power generation 
tests with a hilium-cssium working fluid. R. J, Sovle (NASA, Lewis 
Research Center, Cleveland, Ohio). In; Symposium on the Engineer 
ing Aspects of Mugnotohydrodynutnics, 16th, Pittsburgh, Pa., May 
16-18, 1977, Proceedings. (A77-39S26 18 75) Pittsburgh, Pa., 
Energy Research ond Development Administration, 1977, p. 11.1.1- 
11.1.8. 15 refs. 

Tho cross-sectional dimensions af the MHD channel in the 
NASA Lewis closed loop facility have been reduced to 3.8 x 11.4 
cm. Tests wore run in this channel using a helium-cesium working 
fluid at stagnation pressures of I.G x 10 to the 6th N/sq m, 
stagnation temperatures of 2000-2060 K and an entrance Mach 
number of 0.36. In these tests Faraday open circuit voltages of 200 
V wore measured which correspond to a Faraday field of 1750 V/m. 
Power generation tests were run for different groups of electrode 
configurations and channel lengths. Hall fields up to 1450 V/m were 
generated. Power extraction per electrode of 183 W and power 
densities of 1 .7 MW/cu m have been obtainud. A total power output 
of 2 kW was generated for tests with 14 electrodes. The power 
densities obtained in this channel represent a factor of 3 improve- 
ment over those reported for the its " 0,2 channel at the last EAM 
Symposium. (Author) 


A77-39548 * « Spectroscopic determination of electrical con- 
ductivity In an MHD duct from absolute intensity measurements. S. 
Y. Wang and J, M. Smith (NASA, Lewis Research Center, Cleveland, 
CHi hi). In: Symposium on the Engineering Aspects r ! Magnotohydro- 
ctynamlcs, 16th, Pittsburgh, Pa., May 1G-18, 1977. Proceedings. 
(A77-39626 18 75) Pittsburgh, Pa.. Energy Research and Develop- 
ment Administration. 1977, p, V. 1,1 V.1,5. I t refs. 

Measurements of the electrical conductivity in the NASA Lewis 
cestum seeded, H2-02 MHD duet made by applying a voltage across 
the channel from one end electrode to the other, maasuring the 


currant, and tiling tlio Inner electrodes ns probes to monitor the 
voltage distribution along tha channel wuro found to be in good 
agreement with theory except at low combustion pressures and/or 
high ratios of scad/oxygen mass flows. To corroborate these 
measurements and to analyze the possibility of nonuniform seed 
injection as a cause of the above deviations, a spectroscopic 
investigation of the plasma conductivity was undertaken. Radial 
profllus of emission coefficient were obtained from measured 
transverse profiles of the absolute integrated Intensity by Abel 
inversion. Radial profiles of electrical conductivity waro then 
obtained under two different assumptions. In the first the Cs seed 
fraction is assumed uniform and equal to the measured flow rate at 
the time when the temperature and conductivity were obtained. In 
the second method the local temperature and prossura are taken to 
lx those given by a one-dimensional channel calculation including 
heat transfer and friction. The results of the two methods ar- 
compared to the previously measured conductivity. (Author) 


A7 7-47968 * V Opti mint ion of confinement in • toroidal 

plasma subject to strong radial electric fields. J, R. Roth (NASA, 
Lewis Research Center, Cleveland, Ohio). Institute of Electrical and 
Electronics Engineers, International Conference on Plasma Science, 
Troy, N. V., May 23-25, 1977, Paper . 32 p. 20 refs. 

The toroidal ring of plasma contained in the NASA Lowis 
Bumpy Torus facility may be biased to positive or negative potentials 
approaching 50 kV by applying dc voltages of the respective polarity 
to 12 or fewer mldplane electrode rings. The radial electric lields, 
which are responsible for raising the ions to high energies by E x 
B/B-squared drift, then point out of or into the plasma. A 
preliminary report is given on the identification and optimization of 
independent variables which affect the ion density and confinement 
time In the Bumpy Torus plasma. The independent variables include 
the polarity, position, and number of the mldplane electrode rings, 
the method of gas injection, and the polarity and strength of a weak 
vertical magnetic field. Some characteristic data taken under con- 
ditions whore most of the independent variables were optimized are 
presented. The highest value ol the electron number density on the 
plasma axis is 3.2 trillion per cu cm, the highest ion heating 
efficiency is 47%, and the longest particle containment time is 2.0 
msec. (Author) 


A77-4795B * *' Investigation of poislble lower hybrid emission 
from the NASA Lawis Bumpy Torus plasma. R. Mallavarpu and J. R. 
Roth (NASA, Lewis Research Center, Cleveland, Ohio). Institute of 
Electrical and Electronics Engineers, International Conference on 
Plasma Science, Troy, N. Y„ May 23-25, 1977, Paper. 1 5 p. 7 refs. 

Radio frequency emission detected near the lower hybrid 
frequency of me NASA Lowis Bumpy Torus plasma is studied, using 
a simple detection system that consists of a spectrum analyzer and a 
50-ohm miniature co-axial antenna concentrically located In a 
re-entrant quartz tube. The frequency shift of a broad emission peak 
Is monitored as a function of the background pressure, electrode 
voltage, and the strength of the dc magnetic fiold. Simultaneous 
measurements of the average plasma density are made with a 
polarization dlplexing microwave interferometer, information from 
the experiment is discussed with particular reference to the role of 
atomic or molecular species of deuterium in the emissions, the 
strength of the dc magnetic field in the omitting region, the 
geometric location of the emitting region of the plasma, the lower 
hybrid plasma density as compared with the average plasma density, 
and the relation of the ion spoke geometry to the lower hybrid 
emission. (Author) 


N77-13M2*| Colorado State Univ., Fort Collins. Dapt, of 
Physios. 

INTERACTION OF A SOLAR ARRAY WITH AN ION 
THRUSTER DUE TO THE CHARGE-EXCHANGE PLASMA 
Annuel Report 

Harold R. Kaufman Oct. 1976 62 p refs 


(Grant NsG-3038) 

(NASA-CR- 1 36099) Avail: NTIS HC AQ4/MF AOI CSCL 201 
The generation of a charge exchange plasma by a thruatar. 
tha transport of this plasma to the solar array, and tha interaction 
of ihe solar array with the plasmo after it arrives are all described. 
The generation of this plasma is described accurately from thruster 
geometry and oparating conditions. Tha transport of tha charge 
exchange plasma was studied experimentally with a IS cm 
thruster. A modal was developed for simple thruster array 
configurations. A variety of experiments were surveyed for the 
interaction of the plasma at the solar array Author 


N77-20M8*j|/ Magnetic Corp. of America. Waltham. Mass 
Technical Report. Sep. 1976 - Dec 1976 

DESIGN STUDY OF SUPERCONDUCTING MAGNETS FOR 
A COMBUSTION MAGNETO HYDRODYNAMIC tMHD) 
GENERATOR 

Richard J. Thome and John W Ayers Mar. 1977 266 p refs 
(Contract NAS3-19886) 

(NASA-CR- 135178) Avail: NTIS HC A12/MF AOI CSCL 201 
Design trade off studies for 13 different superconducting 
magus. systems were carried out. Based on these results, 
preliminary design characteristics were prepared for several 
superconducting magnet systems suitable for use with a 
combustion driven MHD generator Each magnet generates a 
field level of 8 T in a volume 1 524 m (60 in) long with a 
cross section 0.254 m x 0.254 m (10 in. x 10 in.) at the inlet 
and 0 406 m x 406 m (16 in. x 16 in.) at the outlet. The first 
design involves a racetrack coil geometry intended for operation 
at 4.2 K, the second design uses a racetrack geometry at 2 0 K. 
and the third design utilizes a rectangular saddle geometry at 
4.2 K. Each case was oriented differently in terms of MHD 
channel axis and main field direction relative to gravity in order 
to evaluate fabrication ease. All cases were designed such that 
the system could be disassembled to allow for alteration of 
field gradient in the MHD channel by changing the angle between 
coils. Preliminary design characteristics and assembly drawings 
were generated for each case. Author 


A77-12786 • System studies of coal firod-closed cycle MHD 

for central stBtion power plants. B. Zauderer (GE Spa'.e Sciences 
Laboratory. Philadelphia, Pa.). In: Imersociety Energy Conversion 
Engineering Conference, 11th, State Line, Nev., September 12-17, 
1976, Proceedings. Volume 2. (A77 12652 02-44) New York, Ameri- 
can Institute of Chemical Engineers, 1976, p. 1033-1039. 20 refs, 
Contract No. NAS3- 19406. 

This paper presents a discussion of the closed cycle MHD results 
obtained in a recent study of various advanced unergy-convorsion 
power systems. The direct coal-fired MHD topping-steam bottoming 
cycle was established as the current choice for central station power 
generation. Emphasis is placed on the background assumptions and 
the conclusions that can be drawn from the closed-cycle MHD 
analysis. It is concluded that closed-cycle MHD has efficiencies 
comparable to that of open-cycle MHD. Its cost will possibly be 
slightly higher than that of the open-cycle MHD system. Also, with 
reasonable fuel escalation assumptions, both systems can produce 
lower-cost electricity than conventional steam power plants. Sugges- 
tions far further work in closed-cycle MHD components and systems 
arc made. (Author) 


A77-21267 * ;■ System studies of coal fired-closed cycle MHD 
for central station power plants. B. Zauderer (GE Space Sciences 
Laboratory, Philadelphia. Pa,). In: Engineering aspects of magneto- 
hydrodynamics; Proceedings of the Fifteenth Symposium, Phila- 
delphia, Pa.. May 24-26. 1976. (A77-21214 08 75) Philadelphia. Pa„ 
GE Space Sciences Laboratory, 1976, p. 111.5.1-111,6.15. 20 refs. 
ERDANSF -supported research; Contract No. NAS3-19406. 

This paper presents a discussion ol the closed cycle MHD results 
obtained in a recent study of various advanced energy conversion 
(EGAS) power systems. The study was part of the first phase of this 
ECAS study, Since tins was the first opportunity to evaluate the coal 
tired closed cycle MHD system, a number ol iterations were required 


to partially optimize the system. The present paper deals with the 
latter part of the study in which the direct coal fired, MHO 
topping-steam bottoming cycle was established as the current choice 
for central station power generation. The emphasis of the paper is on 
the background assumptions and the conclusions that can be drawn 
from the closed cycle MHD analysis. The author concludes that 
closed cycle MHD has efficiencies comparable to that of open cycle 
MHD and that both systems are considerably more efficient than the 
other system studies in Phase 1 of the GE ECAS. Its cost Will 
possibly be slightly higher than that of the open cycle MHD system. 
Also, with reasonable fuel escalation assumptions, both systems can 
produce lower cost electricity than conventional steam power plants. 
Suggestions for further work in closed cycle MHD components and 
systems is made. (Author! 


A77-36381 * Darigi of closed-cycle P'HD generator with 

nonequilibrium ionization and system. R. E. Voshall, R. J. Wright, 
and R. W. Liebermann (Westinghouse Research Laboratories, 
Pittsburgh, Pa.). IEEE Transactions on Plasma Science, vol. PS-5, 
June 1977, p. 1 10-1 12. 16 refs. Contract No. NAS3-19407. 

A method is developed to include the nonequilibrium ionization 
process in the MHD generator duct design equations, and these 
equations are coupled to the thermodynamic conditions of the 
closed cycle system. This is used to relate MHD generator size, 
configuration and gas conditions to the overall thermodynamic 
efficiency of the system. The system studied consists of an MHD 
loop (Ar + C$ or He + Cs) topping a steam bottoming plant. B.J. 
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A77-37043 * jf Magnetic Stirling cycle, . A new 
for magnatic matariali. G v Brown huaca , ™ application 

Cleveland, Ohio), institute Re “ arch c «nter, 

International Magnetics Conference T Z E&ctron ' cs Engineer*. 
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in the magnetic material, completely reversible processes, convenient 

control of the entropy by the applied field, the feature that heat 
transfer is possible during all processes, and the ability of the Ideal 
cycle to attain Carnot efficiency. The mean field theory is used to 
predict the entiopy of a fonomagnot in an applied field and also the 
Isothermal entropy change and isontropic temperature change caused 
by applying a field, Results are presented for J - 7/2 and g « 2, The 
results for isontropic temperature change are compared with experi- 
mental data on Gd. Coarse mixtures ot ferromagnetic materials with 
different Curie points are proposed to modify the path of the cycle 
In the TS diagram in order to improve the efficiency or to increase 
the specific power. (Author) 


A7739342 * Magnetization and magnetic susceptibility of 

GdH3. D. J. Flood (NASA, Lewis Research Center, Cleveland, Ohio). 
Physics Letters, vol. BOA, Mai. 21, 1977. p, 463, 464 7 refs 

A77-40158 «■ Electron microscopy of ferroelectric bismuth 

oxides containing perovskite layers. J. L. Hutchison, J. S, Anderson 
(Oxford University, Oxford. England), and C N. R. Rao (Oxford 
University. Oxford, England, Indian Institute of Science, Bangalore. 
India). Royal Society (London), Proceedings. Series A, vol. 355, no, 
1682, July 13, 1977, p. 301-312. 15 refs Research supported by the 
Science Research Council. 

Ferroelectric bismuth oxides ot the general foimula (Bt2Q2) 
/2+7(An-1Bn03n+l)/27 (A ■ 8a, etc.; B - Ti or other transition 
metal) have been examinod by high-resolution lattice imaging elec- 
tron microscopy. The lattice images show dark bands at the positions 
of the Bi202 layers, with n-1 lines between them due to the layers of 
the perovskite A cations or, in favorable circumstances, the fully 
resolved 0,4-nmsquare perovskite grid, Dislocations and domain 
boundaries have been imaged in ferroelectric crystals. Tin. 1 sttucture 
of the dislocations and domain walls is discussed in tile light of the 
microstructural evidence. (Author) 


A77-S0694 * Critical currants In sputturod copper molyb- 

denum sulphide. S. A. Alteuaviu, J. A. Woollatn (NASA, Lewis 
Research Center, Cleveland, Ohio), L. KamnieiUinvr, and H.-L. Luo 
(California, University, La Jolla, Cjl.'.L Applied Physics L l iters vol 
31, Aug. 1, 1977, p. 233, 234. 1 1 refs. 

Critical currents in a sputtered Cheviot phase copper molyb 
denum sulfide have been measured at 4 2 K as a function ot applied 
magnetic field. Self-field critical-current values up to 10 to the 9th 
A so m were found, decreasing to 10 to the 8th A,sp nut 3 T 
Graphs of pinning forces versus held were found to be independent 
of field direction, and the pinning mechanism is sample independent. 
Critical -current densities for sputtered lead molybdenum sulphide are 
estimated to lie about to to the 8th A. so m at 26 T based on a 
scaling law for pinning. (Authoi I 


A77-45301 * Low-work-function surfaces produced by 

cesium carbonate decomposition. T, R, Brie re arid A. H. Sommer 
(Thermo Electron Corp.. Waltham. Mass.i. Journal of Applied 
Physics, vol. 48, Aug. 1977. p. 3547-3550. tfi rets Contract No 
NAS3-2O302 

Cesium carbonate (Cs2C03) was heated to the decomposition 
temperature of approximateh 600 C, The nonvolatile decomposition 
products were cornier , ,d on a nickel substrate while the carbon 
dioxide was removed by pumping, The deposited material is 
characterized by an effective work function of between 1. 05 and 
1,15 cV at 450 K and by photoemission ip the visible and 
near-infrared region of the spectrum. It is suggested that (be 
deposited material consists ot Cs20, possibly Cs207. and adsorbed 
cesium, Sliver, evaporated (torn a heated silver bead, produced the 
typical photocimssive and thermionic properties of a silver oxygen- 
cesium (S-11 photocathode. Tire material may be of interest for 
thermionic energy converters and for tile formation al sihei oxygen- 
cesium photocathodes. (Author) 
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77 THERMODYNAMICS AND 
STATISTICAL PHYSICS 

Includes quantum mechanics; and Bose and Fermi 
statistics. 

For related information see also 25 Inorganic and 
Physical Chemistry and 34 Fluid Mechanics and Heat 
Transfer. 


N77-10933*# National Aeronautics and-Space Administration 
Lewis Rosoarch Center. Cleveland. Ohio 

REVISED INTERNATIONAL REPRESENTATIONS FOR THE 

VISCOSITY OF WATER AND STEAM AND NEW REPRESEN- 
TATIONS FOR THE SURFACE TENSION OF WATER 

R C Hendricks R B McClintock IGE Co . Schenectady, N Y I. 
and G J Silvostri iWestrnghouso Elec Corp , Philadelphia. Pa l 
1976 53 p rots Proposed for presentation at Winter Ann 
Meeting of the Am Soc of Mech Engr New York, 5-10 Oec 
1976 Revised 

iNASA TM X-73483. E-8706) Avail NTIS HC A04/MF A01 
CSCL 20M 

A skeleton table and formulation for viscosity is presented 
The formulation is valid from the triple point to 1100 K 
12000 R) and pressures to 100 MPa (15.000 psial Comparisons 
are made between the calculated and the skeletal table values 
and also between the new values and those in the 1967 ASME 
Steam Tables A set of figures and tables in both English and 
S l units are presented to replace those in the steam tables 
Sources for computer programs are given Author 


N77-17919*(f National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

MODELING THE COMPLETE OTTO CYCLE; PRELIMINARY 
VERSION 

Frank J Zelezmk and Bonnie J McBride 1977 46 p refs 

Presented at the Automotive Engineering Congr and Exposition, 
Detroit 28 Feb 4 Mar 1977. sponsored by the Soc of 
Automotive Engtnaeis 

(NASA TM X-73593; E 9065) Avail NTIS HC A03/MF A01 
CSCL 20M 

A description is given of the equations and the computer 
program being developed to model the complete Otto cycle 
The program incorporates such important features as (1) heat 
transfer, (21 finite combustion rates. (3) complete chemical kinetics 
m the burned gas. 14) exhaust gas recirculanon. and (51 manifold 
vacuum or supercharging Changes in JJ;<)rinodynamie, kinetic 
and tianspori data as welt as model paiameters can be made 
without reprogramming Preliminary calculations indicate that 
'1! chemistry and heat transfer significantly affect composition 
and purfuimance. 121 there seems to be a strong interaction 
among model parameteis. and (3! a number of cycles must be 
. altulated ui order to obtain steady-state conditions Author 


N77-28015*/) National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio, 

gasplot a computer graphics program that 

DHAWS A VARIETY OF THERMOPHYSICAL PROPERTY 
CHARTS 

Roger J Trivisonno and Robert C. Hondiicks Washington. O C 
Jun 1977 58 p refs 

(NASA TN 0 8507, E-8627) Avail, NTIS HC A04/MF A01 
CSCL 20M 

A FORTRAN V computer program, written for the UNIVAC 
1100 series, is used to draw a variety of precision thermophysical 
properly charts on the Calcomp plotter In addition to the program 
(GASPLOT). which requires (15 160) sub 10 storages a 
thermophysical properties routine needed to produce plots The 
program is designed so that any two of the state variables, the 
derived variables, or the transport variables may bB plotted as 
the ordinate - abscissa pair with as many as Five parametric 
variables The parameters may be temperature, pressure, density. 


enthalpy, and entropy Each parameter may have as many a 
49 vafues. and the range of the variables is limited only by the 
thermophysical properties routine Author 


N77-3099S*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

SIMULATION OF THE HEAT TRANSFER CHARACTERIS- 
TICS OF LOX 

R C Hendricks 17 Aug 1977 10 p refs Presented at the 

17th Natl Heat Transfer Conf.. Salt Lake City. 14-17 Aug 1977, 

sponsored by the Am Soc. of Mech Engr 

tNASA-TM X 73634) Avail NTtS HC A02/MF A01 CSCL 

20M 

Forced convection heat transfer data for fluid nitrogen 
flowing through a vertical tube were acquired and assumed to 
simulate the heat transfer characteristics of LOX Comparisons 
between LN2 and LOX data over the pressure range far T sub 
r 1 using a modified form of Petukhovs correlation factor 
was shown, qualitatively, to substantiate the simulation Other 
parameters (buoyancy. Stanton number, and relative velocity), 
were found to group those data, assessment of these parametric 
interrelations must be made before the simulation can bo termed 
quantitative Author 


N77-30999*j|f National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

VELOCITY AND TEMPERATURE PROFILES IN NEAR- 
CRITICAL NITROGEN FLOWING PAST A HORIZONTAL 
FLAT PLATE 

Robert J Simoneau 17 Aug 1977 12 p refs Presented at 

T7lh Natl Heat Transfer Conf. Salt Lake City. 14-17 Aug. 1977. 
sponsored by Rib Am Soc of Mechanical Engineers 
(NASA-TM-X-73635) Avail NTIS HC A02/MF AOt CSCL 
20M 

Boundary layer velocity and temperature profiles were 
measured for nitrogen near its thermodynamic critical poinl flowing 
past a horizontal flat plate The results were compared measure 
ments made for vertically upward flow The boundary layer 
temperatures ranged from below to above the thermodynamic 
critical temperature For wall temperatures below the thermody- 
namic critical temperature there was little variation between the 
velocity and temperature profiles in three orientations tn all 
three orientations the point of crossing into the critical temperature 
region is marked by a significant flattening of the velocity and 
temperature profiles and also a decrease in hoot transfer 
coefficient Author 


A77-44662 * Modelinq the complete Otto cycle - Pre- 

liminary version. F. J. Zelezmk and B. J. McBride (NASA, Lewis 
Research Center, Cleveland. Ohio). Society of Automotive Engineers, 
International Automotive Engineering Congress and Exposition. 
Detroit, Mich., Feb. 28-Mar. 4, 1977. Paper 770223. 19 p. 19 refs. 

A description is given of the equations and the computer 
program being developed to model the complete Otto cvclc. The 
orogram incorporates such important features os: 111 heat transfer. 
(2) finite combustion rates. (3) complete chemical kinetics in the 
burned gas, <4 1 exhaust gas recirculation, and 151 mamlold vacuum 
or supercharging. Changes in thermodynamic, kinetic and transport 
data as well as model parameters can be made without reprogram- 
ming. Preliminary calculations indicate that: (1) chemistry and heat 
transfer significantly affect composition and performance. 12) there 
seems to be a strong interaction among model parameters, and (3) a 
number of cycles must be calculated in order to obtain steady-state 
conditions. (Authorl 
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82 DOCUMENTATION AND 
INFORMATION SCIENCE 


Include* information storage and retrieval technology; 
micrography; and library science. 

For computer documentation see 61 Computer Prcartm- 
wing and So ft wars 


N7711tOf*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

VOCABULARY OF AE NOBRACE SAFETY TEAMS CERTAIN- 

Jr ‘ G »° f 9* Mandel. and Paul M. Ordin Sep 

1876 122 p 

r1£? A ;I5?‘ )( ' 7352,; E ' 893S) Avail NTIS HC AOfl/MF A01 

taCL U5B 

j voc,bul,, V listing characterizes the contents of over 
10.00° documents of the NASA Aerospace Safety Research 
iooni*** lns,rtu,es tASRDIl safety engineering collection. The 
tuici n?™.!? is now one of the series accessible on the 
NASA RECON data base There are approximately 6,300 postable 
temts that descnbe literature in the areas of cryogenic fluid 
sitaty. specifically hydrogen, oxygen, liquified natural gas; firs 
and explosion technology; and the mechanics of structural failure 
To facilitate the proper selection of information nonpostable. 
related and array terms have been included in this listing.Author 
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83 ECONOMICS AND COST 
ANALYSIS 

Includes co*t effectiveness studies 


N77-11BO0*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 
COST BENEFIT ANALYSIS OF SPACE TECHNOLOGY 
Gerald F Hem, Steven M Stevenson, and Joseph N Sivo 
Washington Nov 1976 26 p refs 

(NASA-TM-X-3463. E 8796) Avail NTIS HC A03/MF AOt 
CSCL 05C 


A discussion of the implications and problems associated 
with the use of cost-benefit techniques is presented Knowledge 
of these problems is useful in the Structure of a decision making 
process A methodology of cost-benefit analysis is presented for 
the evaluation of space technology The use of the methodology 
is demonstrated with an evaluation of ion thrusters for north-south 
stationkeeping aboard geosynchronous communication satellites 
A critique of the concept of consumers surplus for measuring 
benefits is also presented Author 
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85 URBAN TECHNOLOGY AND 
TRANSPORTATION 

Includes epplicetlons of space technology to urban 
problems: technology transfer: technology assessment; and 
surface and mass transportation. 

For related information see 03 Air Transportation and 
Safety, 16 Space Transportation, and 44 Energy Production 
and Conversion. 


N77-17H7*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

RESULTS OF BASELINE TESTS OF THE LUCAS LIMOU- 
SINE 

Richard F. Soltis, Miles 0 Dustm. and Noel B. Sargent Jan. 
1977 29 p Sponsored in part by ERDA 
(NASA-TM-X-73609: E-907S) Avail: NTlS HC A03/MF AO I 
CSCL 13F 

The Lucas Limousine, an electric vehicle, was tested to assess 
the state-of-the-art of electric vehicles All tests were made without 
the regenerative braking system and were conducted at the gross 
vehicle weight of 7,700 pounds. Over a 30 mph stop and go 
driving cycle the vehicle went 48 4 miles. The vehicle was able 
to accelerate to 30 mph in about 1 5 seconds with a gradeability 
limit of 16. B percent. As determined by coast down tests the 
road power and ruad energy consumption fo> the vehicle were 
2.92 kilowatts and 0.146 kWh/mi, respectively, at 20 mph. At 
40 mph the road powe r recjuirement was 1112 kilowatts and 
the road energy requirement was 0.278 kWh/mi. The maximum 
energy economy measured 0 45 kilowatt hours per mile at 30 
mph and increased to 0,76 kilowatt hours per mile at 50 mph. 
Over the 30 mph stop and go driving cycle the energy economy 
was 0.92 kilowatt hours per mile. Author 


N77-2703B*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

A COMPUTERIZED TRAFFIC CONTROL ALGORITHM TO 
DETERMINE OPTIMAL TRAFFIC SIGNAL SETTINGS Ph D. 
Thesis - Toledo Univ. 

Kurt Seldner Mar. 1977 265 p refs 

(NASA-TM-X-73007; E-90841 Avail: NTIS HC A12/MF A01 
CSCL 13F 

An algorithm was developed to optimally control the traffic 
signals at each intersection using a discrete time traffic model 
applicable to heavy or peak traffic. Off line optimisation procedures 
were applied to compute the cycle splits required to minimize 
the lengths of the vehicle queues and delay at each intersection. 
The method was applied to an extensive traffic network In Toledo, 
Ohio. Results obtained with the derived optimal settings are 
compared with the control settings presently in use. Author 


results imply that long term research goals for battery systems should 
be focused on lower cost and longer service life, rather than on 
higher energy densities. V P 


A77-35308 • Establishing effective working relations with a 

potential user community • NASA Lewis fics?»>ch Center ex- 
perience. P. Foster (NASA, Lewis Research Center, Cleveland, Ohio). 
In: Space Congress, 14th, Cocoa Beach, Fla., April 27-29, 1977, 
Proceedings. (A77-35301 15-12) Cocoa Beach. Fla.. Canaveral 
Council of Technical Societies, 1977, p. 2-6 to 2-11. 

The NASA Lewis Research Center has held a series of six major 
and unique technology utilization conferences which were major 
milestones in planned structured efforts to establish effective 
working relationships with specific technology user communities. 
These efforts were unique in that the activities undertaken prior to 
the conference were extensive, and effectively laid the groundwork 
for productive technology transfer following, and as a direct result 
of, the conferences. The effort leading to the conference was in each 
case tailored to the characteristics of tho potential user community, 
however, the common factors comprise a basic framework applicable 

to similar endeavors. The process is essentially a planned sequence of 
steps that constitute a technical market survey and a marketing 
program for the development of beneficial applications of aerospace 
technology beyond the aerospace field. (Author) 


N77-32033*# Detroit Diesel Allison, Indianapolis. Ind 

STUDY AND PROGRAM PLAN FOR IMPROVED HEAVY 
DUTY GAS TURBINE ENGINE CERAMIC COMPONENT 
DEVELOPMENT Final Report 

H. E. Helms May 1977 161 p refs Sponsored by ERDA 
(Contract NAS3-20064) 

(NASA-CR- 135230; EDR-9068; ERDA/ NASA/3-20064/77/ 1) 
Avail: NTIS HC A08/MF A01 CSCL 13F 

Fuel economy in a commercially viable gas turbine engine 
was demonstrated through use of ceramic materials. Study results 
show that increased turbine inlet and generator inlet temperatures, 
through the use of ceramic materials, contribute the greatest 
amount to achieving fuel economy goals. Improved component 
efficiencies show significant additional gains in fuel economy. 

Author 


A77-22879 * - The computer simulation of automobile use 
patterns for defining battery requirements for electric cars. H. J. 

Schwartz (NASA, Lewis Research Center, Cleveland, Ohio). Union 
Internationale des Producteurs at Distributeurs d'Energie Electrique 
and Electric Vehicle Council, International Electric Vehicle Sym- 
posium. 4th, Dusseldorf. West Germany, Aug. 31-Sept. 2, 1976, 
Paper. IS p. 10 refs. 

The modeling process of a complex system, based on the 
calculation and optimization of the system parameters, .s com- 
plicated in that some parameters can be expressed only as probability 
distributions. In the present paper, a Monte Carlo technique was used 
ro determine the daily range requirements of an electric road vehicle 
ir. the United States from probability distiibutions of trip lengths, 
frequencies, and average annual mileage data. The analysis shows that 
a daily range of 82 miles meets to 9b% of the car-owner requirements 
at all times With the exception of long vacation trips. Further, it is 
shown that the requirement of a daily range of 82 miles can be met 
by a (intermediate-level) battery technology characterized by an 
energy density of 30 to 50 Watt hours per pound. Candidate 
batteries in this class are nickel-zinc, nickel-iron, 3nd iron-air. These 
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A77-26606 * # Fundamental research needs - A status report 
of the tMk force on fundamental research. J. Anderson (NASA, 
Lewis Research Center, Bearings Branch, Cleveland, Ohio). American 
Society of Mechanical Engineers, Winter Annual Meeting, Ne vr York , 
N.Y.. Dec. 510. 1976, Paper 76 WA/RGPC-5. 7 p. Members, $1.50; 
nonmembers, $3,00. 
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Experimental performance of a snail size two stage 
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Tube method of sound-absorption measurement 
extended to frequencies far above cutoff 
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Absorption of sound in air - High-frequency 
measurements 
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p0162 A77-17066 

Increase in effectiveness of low frequency 
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[AIAA PAPES 77-19] p0163 A77-19780 

Inlet total pressure loss due to acoustic wall 
treatment 

[AIAA PAPER 77-105] p0162 A77-19B29 

Hodal density function and number of propagating 
modes in ducts 

P0162 A7 7-44459 

Hultimodal far-field acoustic radiation pattern - 
An approximate equation 

[AIAA PAPER 77-1281] p0162 A77-51042 
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Volume 5: Pan acoustics. Section 2x One-third 
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[NASA-CB-1 34895] p0033 *77-20113 
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A theoretical study of the acoustic impedance of 
orifices in the presence of a steady grazing flow 

p0162 A77-17066 

Increase in effectiveness of low frequency 
acoustic liners by use of coupled Helmholtz 
resonators 

[AIAA PAPER 77-19] pOI 63 A77-1978Q 

Fluid mechanical model of the Helmholtz resonator 
[ NASA— CR— 2904 ] p0163 *77-32035 
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NT NOISE NEASUREHEHT 

Fan inlet disturbances and th» 4 r effect on static 
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[ASHE PAPER 77-GT-63] P 0035 A77-2057U 

Characteristics of an anechoic chamber for fan 

noise testing 

[ NAS A-TH- 1-73555 ] p0038 N77-18168 

Acoustic tests of augmentor wing model 
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[NASA-TH-r-3538] P QQ21 N77-24141 
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[NASA-CR-2628] p0002 N77-169B6 
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Inlet total pressure loss due to acoustic wall 
treatment 

[NASA-TH-X-73559] p0003 NT7-11991 
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1.5-pressure-ratio, 1,83-aeter (6 ft) diaueter 
fan stage for turbofan engines (Qf-2) 
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Natal interfaces - Adhesive energies and 
electronic barriers 

p0172 A 77— 17587 

ADBRSITE BONDING 

Adhesion and friction of iron and gold in contact 
uith eleiental semiconductors 
. „ [NASA-TN-D-8394 ] p00B6 N77-16170 

ANKOACOUSTICS 

Aero-acoustic performance comparison of core 

engine noise suppressors on NASA guiet engine *C‘ 
[AIAA PAPER 77-922) p0027 A 77-38597 

Core noise source diagnostics on a turbofan engine 
using correlation and coherence techniques 

p002G A77-44457 

Theoretical jet exhaust noise aodel for the duct 
burning turbofan 

fllAA PAPER 77-1264] p0036 A77-5102B 

An experiaental study of transaission, reflection 
and scattering of sound in a free-jet flight 
siaulation facility and comparison uith theory 
TAIAA PAPER 77-1266] p0164 A77-5103D 

lorvnrd flight effects on EBB noise Externally 

Bloun Flaps 

TA1AA PAPER 77-1314] pOODB A77-51069 

Interim noise correlation for soae OTN 
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engine Oyer The Ring 

[AIAA PAPER 77-1317) p0012 A77-51072 

snaaaty of formard Telocity effects on fan noise 
[AIAA PAPER 77-1319] p0029 A77-51074 

Effects of forvard motion on jet and core noise 
CAIAA PAPER 77-1330] p0036 A77-51DB4 

Acoustic performance of inlet acltiple-pure-tcne 
snppressors installed on NASA Quiet Engine *C' 
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SHRTICi A l{ps"~ X ~ 73501] 1,001,9 377-1 0149 

Long lifetiae hollo* cathodes for 30-cn aercurv 
ian thrusters 1 

ril^*l 1 ” Z?~ 985 J » P° 0I|< A 77-1 2987 

cycle life testing of B-ci nercury ion thruster 
cathodes 

X in T ono P l!«5 R 76 “ 986 ] P0046 A77-12968 

A 10,000 hoar endurance test of a 700 series 30 cm 
engineering nodel thruster 

fAIAA PAPER 76-1019} p0058 177-15095 

An endurance test of a 900 series 30-cm 
engineering Model ion thruster 

fATAA PAPER 76— 1020 ] P0054 A77— 15096 

status qf 30-cotttimeter-diameter nercury ion 
thruster isolator development 

£1XAA PAPER 76— 1027} 00054 A77~15099 

Proof test criteria foe thin vailed pressure vessels 

NASA 30,000 hour test demonstration of closed^ 

Bray ton cycle reliability 

P° 05, » A77-23917 

Cell-level battery charge/discharge protection 
syste* — - electronic control techniguos 

Cycle life chacactoristics of sealed cll*et-Iinc S732 
cell *ith inorganic separator — • — for 
synchronous orbit applications 

SB1PTS (SACNINE EC1NZITS) P °° 59 * 77 ' UB733 

i ar<3 °; b ? re tapered-raller bearings 
under conbined radial and thrust load at shaft 
speeds to 15,000 rpa 

Estilft1o!I* D 6 8l, ZiJ. i P ° 112 N 77 -21«41 

Estimation of stiffening affect of shaft and 

housing material outside projected area of a 
rolling element bearing 

[NASA-TN-D-B465] PQ112 N77— 21444 

Analysis of control concepts for gas and 

8iscr »“ fan systoas 

[.NASA— TN—K— 7361 1 } p0020 N77—23111 

Ceramics for the >'dvunced autovotive gas turbine 
engine t A look at a single shaft design 
[ NASA-TR-X— 73651 } p0113 N77-23490 
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shaft seal a si Babiy for high speed and high 
pressure applications 

_ rffSt-eMl-tW-MWa-ll polls *77-27404 

Saall high-speed self-acting shaft seals for 
lignid rochet engines 

f M*S1-CB-13S1«73 pO 119 *77-31500 

SHALE OIL 

Synthesis and analysis of jet fuel fron shale oil 
and coal syncrudes 

niASA-CR-13S1t23 p0090 177-12230 

Thermal stability of aoa© aircraft turbine fuels 

derived froa oil shale and coal 

PP090 *’7-25395 

SHALES 

In-situ laser retorting of oil shale 
^^^^rWhSh-CUSS-ilB-l 2217-1 j p0109 *77-18429 

0 JOISTS (JOBCTIOSS) 

SHEAR FATIGUE 
O SHEAR STRESS 
snu PROPERTIES 
»T SHEAR STRE»G*H 

10-deg off-asis test for shear properties in fiber 
composites 

_ „ , pOO«« A 77-46836 

Ten deg off-axis test for shear properties in 
fiber coaposites 

ws ^ s ;™ 01 pooh * 77 - 23208 

Carburization and heat treatment to cause carbide 
precipitation in gamu/giaaa prime-delta 
eutectic alloys 

[■RASA-TH-X-3518] p0075 *77-22215 

5BS1R STRESS 
*T TORSIOSAl STRESS 

Representation of turbulent shear stress by a 
product of mean yelocity differences 
fRASA-TP-1029] p0103 *77-31441 

SHEA SIRS STRESS 

0 SHEAR STRESS 
SHEET BBIA1 

7 RETAL SHEETS 
SHELLS (STROCTHRAL FOBRSI 
HT CTLIBDRXCAL SHELLS 
RT HEE1SEHER1CAL SHELLS 
*T THI* BALLED SHELLS 
SHISLDXHG 

HT ELECTROSTATIC SHIELD1RG 
HT SOLAR RADIATIO* SHIELDIBG 
SHOCK DIFFUSB15 

1 DXPFDSERS 
SHOCK RESX3TATCE 

*T ISPACT 8ESISTARCE 
SSOKT CIRCUITS 

Clearance of short circuited ion optics electrodes 

by capacitiye discharge in ion thrusters 

fAIAA PAPER 76-1031] p0057 A77-13012 

An investigation of iapurity redistribution in 
diffused layer on /n*/-p silicon solar cells 
parameters 

pO 139 A 77-21 787 

Errors in short circuit current aeasurenents due 
to spectral nisaatch between sunlight and solar 
simulators 

p0127 B 77-3 0529 

Sensitivity of solar cell performance to 
atmosphotic variables. 1; Single cell 

p0127 *77-30534 

SHORT HAUL AIRCRAFT 

Flap noise and aerodynamic results for model QCSEE 
over-the-ving configurations 

fHASA-TH— X-73588 ] p0017 *77-17065 

Advanced turboprop technology development 

r*ASA-TH-73729] p0023 *77-31155 

SHORT TKKROFF AIRCRAFT 

OTR noise correlation for several nozzle/ving 
geometries using a 5:1 slot nozzle vlth exta'cnvi 
deflectors -— over The Ring configurations 

p0162 A77-44461 

Interim noise correlation for some OTW 

configurations using external jet-flow deflectors 
engine over The Ring 

CAIAA PAPER 77-1317] P 0012 A77-51072 

over-the-viug model thrust reverser noise tests 
[AIAA PAPER 77-1318] p0012 A77-51073 

OTR noise correlation for several nozzle/ving 
geometries using a 5:1 slot nozzle vlth external 
deflectors 

f *A SA-TH-X— 73529 ] pOISI *77-11815 


Acoustic and aerodynamic perfornance of a 
variable-pitch 1. 83-meter- {6-ftj diameter 
1.20-presaure-ratio fan stage (OF-9) 
t *AS»-TK-n-a*02 ) poooa *77-iao5i 

Interim noise correlation foe some or* 

configurations using external jet-flov deflectors 
[RASA-TB-73746] p0161 R77-3283B 

Rind tunnel and analytical investigation of 

over-the-ming propulsion/air frame interferences 
for a short-haul aircraft at Rach numbers from 
0.6 to 0.78 conducted in the Lemis 8 by 6 
foot tunnel 

t *ASA— CR-2905 ] pOOlO *77-33114 

SHORT (ATI BADXATXOR 

FI cebtihftbr raves 

RT BICRORAVBS 
SR1O0DRD TDR8XRB5 

Improved high pressure turbine shroud 

[RASA-CF-135181] p003» *77-29150 

SHORTS 
B BYPASSES 
H CIRCUITS 
SXDE-LOOKXRG RADAR 
RT RADAR IRAGERY 
SIflIAl HRASORIHRBt 

Traveling vava tube circuit 

[ RASA-CASE-LER-12013-1 ] P0096 *77-17360 

SXSIAL TIIISRXSSXOI 
*T DATA TRASS* IS5IOK 
RT MICHORA YE IRARSHISSIO* 

RT SATELLITE T8ARSHXSSIO* 

SILICA GEL 

Gels as battery separators for soluable electrode 
cells 

t RASA-CISE-LER— 12364-1 ] p0133 *77-22606 

SUICIDES 

Sicrostructural and near properties of sputtered 
carbides and silicides 

[RASA-T8-I-73S36] p0063 *77-18218 

&1LICOI 

. nalysis of epitaxial drift field * on P silicon 
nilar cells 

[ *A 2A-TH-X— 73563 ] p0130 *77-12523 

status cf the ERDA/BASA photovoltaic tests and 

opplicntions project 

{AASA-TH-X— 73567] p0131 H7 J-13537 

A program continuation to develop processing 
procedures for advanced silicon solar cells 
[RASA-CR-135114] pOI 43 *77-15486 

Demonstration of the feasibility of automated 
silicon solar cell fabrication 

{RASA— CR- 13509 5 ] p0143 *77-15492 

Optical properties of ion bean textured metals 

using copper, silicon, aluminum, titanium and 
stainless steels 

{KASA-TR-X— 73598] p0074 *77-18251 

Design, fabrication and test of prototype furnace 
for continuous growth of mlde silicon ribbon 
C RASA-CH— 1 351 65 ] p0042 *77-19132 

Effect of atmospheric parameters on silicon cell 
performance 

[RASA-CP-2010] p0136 *77-26619 

Development of standardized specifications for 

silicon solar cells 

{RASA-CR-1 35233] p0146 *77-29604 

The effect of atmospheric parameters on silicon 
cell performance 

, , , p0127 *77-30527 

Sensitivity of solar cell performance to 
atmospheric variables. 1: Single cell 

p0127 *77-30534 

Automated fabrication of bach surface field 
silicon solar cells with screen printed 
wraparound contacts 

C RASA-CR-135202] p0146 *77-32590 

SXLICO* CARBIDES 

Friction and wear behavior of single-crystal 
silicon carbide in contact with titanium 
r*ASA-TP-1035] p0O87 *77-32312 

Friction, defamation and fracture of 
single-crystal silicon carbide 

fRASA-TH— 73705] p0172 *77-32941 

Friction and deformation behavior of 
single-crystal silicon carbide 

tSASA-TP— 1053] p00B7 *77-33350 

SIIICO* CQRFOUID5 
HT SILICIDES 
ST SXLICO* CARBIDES 
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SILICON JUNCTIONS 

A 4^” s 4« tto# of i»paritT red :itribuUon in 
diffused layer on /n*/-p silicon solar cello 
parameters 

, . . p0139 177-21787 

* first order theory of the p/t/-ti-n/t/ 

£le«“on*Wls 3iUCOB aDl * r CeU at hi9h 

Application of the SEN to the aoasareient^f^olar 16 
cell parainters 

silicon .minis p0140 ' 77 “ 322 « 

Pressure sintering of Si ii203 /slalom/ 

Silieon P !lltrln 7 " B_7 ^^ p008B * 77 ”24865 

s 4H4” c °® tsa » plastic covered solar cell 

micS SS«eS‘ 6-11 p0131 ,77 - ,,t5S0 

U SOUR CE11S 

SItTIK OXIDE ZI.C BATTERIES 
0 SILVER ZIKC BATTERIES 

SI1HI EMC BATTERIES 

Cycle life characteristics of sealed silver-zinc 

cell vith inorganic separator for 

synchronous orbit applications 

HT ?i?24 0n of ina c 9 anic /organic separators 
sx»0UTioi" CI1 ” 1351081 p014Z " 77 - 70 «39 

.T ACOUSTIC SIMULATION 
NT ATMOSPHERIC ENTRY SIBILATION 
NT CORPOTEKIZED SIMULATION 
NT CONTROL SIMULATION 
NT EXHAUST FLOS SIMULATION 
NT FLIGHT SINDIATION 
NT SOLAR SIRBLATION 
NT SPACE ENVIRONMENT SIRBLATION 
NT THERMAL SINBLATIOH 

sxaouTois 

NT CONTROL SIRBLATION 
NT SOLAR SlHBLATORS 
SINGLE SHOE ROCKET EEEICL1S 

Linear aerospike engine — for reusable 
Single-stage-to-orbit vehicle 

P{P* R 77 -S68J P0059 A77-41993 

High density propellant for single stage to orbit 
vehicles 

Aa«irid T M X r 735035 . p005 ° !,77 -'°1S2 

Advanced high pressure engine study for eixod-aode 
vehicle applications 

fNASA-CR-135141 3 P0056 N77-P119a 

SIITEIED ALBBINBH PONDER P 231 

Friction and year of sintered fiher-aetal 
abradable seal materials 

SXiT**XNC*" T ' , ’' X ' 736501 P 0112 * 77 '23489 

Pressure sintering of S13N4-A1203 /slalon/ 

size iMraSSms ,” -8 * 751 p00aa ,77 - ?ya6i 

n °r 1 I»crSi i S n ,«2?V ,re 0ou Shness screening speciaen 
SNUBS , ’ , " 73!6 00123 **77-13457 

Holler bearing geometry design 

r! , lSA-*CR-l350B2 ] pOIIB H77— 124Q3 

SKW FAXCTIO* P ” ' 

skin friction on a flat perforated acoustic liner 
sugs P0007 A77- 13729 

Velocity and teaperature distributions of 
coal-slag layers on aagnetohydcodynanic 
generators vails 

ms*-T!l-!>-8396r P0132 H77— 1 # 5 nn*i 

SLID I VC COVTICT P 

Friction and transfer behavior of pyrolytic boron 
nitride in contact vith various Metals 
fAStS pEEPRlsr 76-LO IB-2] P0087 177-11190 

Dynanics of solid lubrication as observed by 
optical Microscopy 

fXSLB PREPRINT 76— 1C- 1B-0 } pOllfi *77-11196 

Fertographic analysis of wear debris generated in 
a sliding eiastohydrodynanic contact 

Ae f i«tf.J*f PBI,l e 77 -*N-lA-1] p0117 A77-35953 

An estimation of the effect of fluid inertia on 
the perfornance of the plane inclined slider 
thrust bearing vith particular regard to 
turbulent lubrication 

swam FiicTioE p0118 * 77 - q4940 

friction and transfer behavior of pyrolytic boron 


nitride in contact Kith various netals 
[ABLE PREPRINT 76-1C-1B-2J pODB7 .77-11194 

Friction and «enr behavior of graphite fiber 
reinforced polyinide conposites 

[ASLE PREPRINT 77-AH-6C-1J p0066 A77-35964 

Friction and year behavior of singlo-crystal 
silicon carbide in contact eith titanium 
f NASA— TP-1 035 3 P0087 N77-32312 

Friction, deformation and fracture of 
single-crystal silicon carbide 

p0172 « 77 *32941 

Friction and defornation behavior of 
single-crystal Bilicon carbide 

t«ASA-TP-10533 p0067 N77-33350 

SLOTS 

OTN noise correlation for several nazzle/ying 
geometries using a 5:1 slot nozzle eith external 
deflectors 

[ NASA— TH—X— 735293 P 0161 N77-11B15 

SRORE ABATEMENT P 

TCR aircraft piston engine emission reduction 
program 

SODIBR P0031 * 77 - 17 ° 92 

The development of a potassium-sulfide glass fiber 
coll and studies on impurities in alkali 
netal-sulfur ceils 

^NASA-CR— 1351447 p0144 N77-23602 

SODIBE CflLDRXDIB pear, zoeuz 

Reactions of chroniun eith gaseous NaCl in an 
oxygen environaent 

„ . . . . , p0088 A77-40037 

Reactions of chroniun eith gaseous Racl in an 
oxygen environaent 

somb.’JoSmwS^ 34761 p0069 " 77 - 1016S 

NT SODIDS CHLORIDES 
NT SODIDM SULFATES 

Investigation of the fornation of gaseous sodiua 
sulfate in a doped lethane-oxygen flame 

, . p0070 A77-38370 

Thermal energy storage material theraopbysical 
property neasurenent and heat transfer impact 
[NASA-CR-135098 ] p0142 N77-12510 

Gaseous sodium sulfate foraation in flanes and 
floving gas environments 

{NASA— TB-X— 736003 P0074 N77— 19209 

S0DXBB 5DLEATES P 3 

Theoretical and experimental studies of the 

deposition of Na2504 from seeded combustion gases 

p0070 A 77-48694 

Gaseous sodium sulfate fornation in flanes and 
floving gas environnonts 

, . p0070 A77— 48695 

Theoretical and experleental studies of the 

r® p °? i1 i°" i?! 2504 fro * soeaei combustion gases 

[NASA-TH— X— 736833 PQ077 N77— 27214 

SOFTNAIE (COMPUTERS) P * 7? 27214 

0 COMPUTER PROGRAMS 
U COMPUTER SISTERS PROGRAMS 
SOLAR ARRAYS 

Series-parallel method of direct solar acrav 
regulation 

C NASA-TH-X-735053 P0129 N77-10641 

Status of the BRDA/NASA photovoltaic tests and 
applications project 

P0131 *77-13537 

Interaction of a solar array eith an ion thrnster 
due to the charge-exchange plasma 

Frir^^K^rJ 3509 ? 1 d P 0170 *77-13892 

Free- vibration characteristics of a large 

split-blanket solar array in a 1-g field 

9olIi S ir™ D I 8 ^T 6 ^ p0123 *77-15991 

Solar array maxim* power tracking vith 

closed-loop control of a 3D-centi»eter ion 
thruster 

[ 9ASA-TR-X-73643 } p0052 977-26222 

Integrally regulated solar array demonstration 
using an Intel 8080 Microprocessor 
[WASA-TI1-X— 3566 J p0fr53 977-28218 

fiecent developaents in photovoltaic energy by 
ERDA/9ASA-LeRC 1 

Solar cell shingle P °° 93 » 77 - 30277 

[NASA-CASE—LEH— 12587-1 3 P0139 N77-31601 

SOLAR CII1S P 31601 

An investigntion of impurity redistribution in 
diffused layer on /n*/-p silicon solar cells 
paraaeters 
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p0139 A77— 2*787 

Photovoltaic test and demonstration project — 
residential energy program 

e*. fnw r -flI * „ P0139 A77-21838 

statqs silicon solar cell technology 

. t p0139 A77-26392 

A first order theory of the p/*/*n-n/»/ 

slUco « soUr cell at very high 

infection levels 

i « * * P0190 A77-30716 

A methodology for expet iaentally based 

determination of gap shrinkage and effective 
lifetimes in the emitter and base of p-n 
junction solar cells and other p-n junction 
devices 

_ pOlhO A77-30725 

Application of the SE* to the measurement of solar 
cell parameters 

pOllfO A77— 32242 

Series-parallel method of direct solar array 
regulation 

.i t *JvJ~ T1, ' I ~ 73505 1 p0129 377-10641 

Flexible, FEP-Teflon covered solar cell aodule 
development 

f W1SE-CE-13S1091 pD142 877-11531 

Status of silicon solar cell technology 

,v r *i S i* TI, :?‘ 73S31 '» p0 130 377-12519 

The Redox £lo» systea for solar photovoltaic 
energy storage 

tns»-T«-X-735621 p0130 377—12522 

Analysis of epitaxial drift field 3 on l silicon 
solar cells 

tMSl-Th-X-73563, p0130 377-12523 

silicon nitride coated , plastic covered solar cell 
C 3ASA-CASE-1EB- 1 1496-11 pOISI 377— 145d0 

* progra* continuation to develop processing 
procedures for advanced silicon solar cells 
rh»Sa-CB-1351143 p01«3 377-15488 

Encapsulated solar cell modules 
r3ASA-CA5B-LEI,-12185-1 1 p0 132 377-15490 

Demonstration of the feasibility of automated 
silicon solar cell fabrication 

f 31S1-CH-135095 1 p0143 377-15492 

Improved backvall cell P 

^*t S ir? 3SE 'P!: , ? 236_1 l p0132 377-17565 

Thick-film materials for silicon photovoltaic cell 
manufacture 

fniSA-CR- 135 1341 p0 1 43 317-17566 

Solar cell asseably for use under high 

intensity illumination 

C3JSA-CASS-LS3-11549-17 p 0 133 377-19571 

Application of the SEE to the measurement of solar 
cell parameters 

rj*SA-TH-X-73617] pD133 *77-21548 

Real time outdoor exposure testing of solar cell 
modules and component materials 

>0134 ”77-2261 0 

nethoa for producing solar energy panels b? 
automation 

pOI 34 *77-22615 

application of semiconductor diffusants to 3dar 
cells by screen printing 

_ fJJ s J“CA5E-LE»-1 2775-1 J >0134 *77-24589 

Preliminary results of accelerated exposure 
testing of solar cell system components 

T.rt'fartUu' 7 ! 17 ' 1 , P° 13s 977-26615 

Test facility for solar-cell reference conditions 

• p013€ 977-26618 

Effect of ataospherlc parameters on silicon cell 
performance 

fBASA-CP-2010 J p0136 N77- 26619 

errors in short circuit measurements due to 
spectral mismatch betveen sunlight and solar 
simulators 

tWSA-CP-2010] p0136 377-26620 

Consideration of design and calibration of 
terrestrial reference solar cells 
_ r*JSA-CP-201O7 p0736 377-26621 

sensitivity of solar-cell performance to 
atmospheric variables. 1; single cell 
t»ASA-CP-20101 p0136 377-26623 

sensitivity of solar-cell performance to 

atmospheric variables. 2? Dissimilar cells at 
several locations 

rHASA-CP-20101 pO 137 377-26624 

Introduction to basic solar cell aoasuteaents 

r 3ASA-CP-2010 1 P0137 377-26625 

Indoor and outdoor measuremeuts of performance of 
photovoltaic arrays 


[MSA-CP-2010] pOI 37 377-26626 

Effects of outdoor exposure on solar cell modules 
in the EHD A/3AS1 levis Research Center Systems 
Test Facility 

[3ASA-TH-E-736571 p0137 377-26678 

Terrestrial photovoltaic Measurement procedures 
[ 3ASA-TE-73702 1 pQ138 377-29603 

Development of stmndardixed specifications for 

silicon solar cells 

.l!! A f li: ‘??“2 3S 5 S3 1 . P0146 977-29600 

Test facility foe solar— cell reference conditions 

r p0127 *77-30525 

The effect of atmospheric parameters on silicon 
cell performance 

. , , , . . p0127 *77-30527 

Consideration oi design and calibration of 
terrestrial reference solar cells 

- . , m , . p0127 *77-30531 

Some bas. 3 considerations of measurements 
involving collimated direct sunlight 

' . pQI 27 *77-30533 

Sensitivity of solar cell performance to 
atmospheric variables. 1; single call 

* fi ' . P0127 *77-30534 

Sensitivity of solar-cell performance to 

atmospheric variables. 2: Dissimilar cells at 

several locations 

, . _ ■ . P0127 *77-30515 

introduction to basic solar cell measurements 

m a. . . , rn V PQ127 *77-3Q r :3fi 

Automated fabrication of back surface field 
silicon solar cells with screen printed 
wraparound contacts 

[ HAS A-CB- 135202 j P0146 *77-32590 

SOLA* COLLECTORS P * W 

Conceptual design of a parabolic dish solar 
collector using simulation techniques 
• ' m . , ^ ‘ ■ P0147 A77-30211 

* •‘chnical feasibility of a modular dish sol*r 

e. metric system 

„ ,• t pOlUB A77-49034 

Fundamental studies of black chrome for solar 
collector use 

„ , ^ P0141 A 77- 49 160 

Evaluation of flat-plate collector efficiency 
under controlled conditions in a solar simulator 

. . , P 01 41 A 77-49 If 1 

Performance correlations of five solar collectors 
tested simultaneously outdoors 
„ * ^ , , pOUl A77-4916Z 

An experimental investigation with artificial 
sunlight of a solar hot— water heater 
' s ■ >0141 A77-49163 

Optimized selective coatings for solar collectors 
[HASA-TB-X-73498 ] p0l29 N77-11529 

Evaluation of flat-plate collector efficiency 
under controlled conditions in a solar simulator 
[ NAS A-TR-X— 73520 ] p0129 *77-11530 

Outdoor performance results for hbs Round Robin 
collector no. 1 

t9ASA-TH-I-735471 5,0,30 377-12520 

Stnnaardi.xed perforeance tests of collectors of 
solar thermal energy - A flat-plate copper 
collector »lth parallel aylar striping 
t»*SA-TR-X- 7 35S.1] p0131 377-13535 

standardised performance tests of collectors of 
solar theraal energy; An evacuated flatplate 
capper collector vith a serpentine flov 
distribution 

„ tHlSA-TB-T-73415} p.01.31 877-13536 

Performance correlations of five solar collectors 
tested simultaneously outdoors 

[NASA— TR-X-7 3546] p0132 *77-15487 

solar cell collector and method for producing same 
— *- indium alloy coatings 

[ NASA-CASB-LBN- 12552- 1 ] p0l32 *77—17564 

Summer perforaance results obtained from 
simultaneously testing ten solar collectors 
outdoors 

[ HASA-Tn-X-73594 ] p0133 *77-20563 

Baseline performance of solar collectors for NASA 
Langley solar building test facility 
[HA5A-TH-X-3505] p0134 N77-245C7 

flethod for fabricating solar cells having intenral 
collector grids 

[KASA-CASE-LEW-12819-1 ] P 013S N77-24593 

Evaluation of initial collector field performance 
at the Langley Solar Building Test Facility 
[ NA SA-TH—X -73677 ] *0136 *77-26617 
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Photoioliaic-power»d refrigerator ezperiaent at 
Isle Royale Rational Park 

f NkSA-TH— 73703 1 00137 N77-27497 

Solar cell shingle 

rMSH-CkSE-LZW-1 2587-1] pOIIO N77-41601 

SOU* COOLXBG 

Initial operation of a solar heating and cooling 
system In a full-scale solar building test 
facility 

, pO 142 A77-49164 

Heasured perforsance of a 3-ton liBr absorption 

water chiller and its effect on cooling syntax 
operation 

p0142 A 77-49165 

SOLAR ELECTRIC PBOPULSI0* 

Sodular thrust subsystem approaches to solar 
electric propulsion nodule design 
[AIAA PAPER 76-1062] p0054 A77-1302S 

NASA electric propulsion prograa 

[AIAA PAPER 76-1068] p0065 A77-1303’ 

Bewelopnent of a 30-cn Ion thruster thernal-yacuua 
power processor 

TAIAA PAPER 76-991] p0057 A77-15088 

A candidate nission using the shuttle and solar 

electric propulsion for planetary flights 

[AAS 75-163] P0040 A77-36S50 

Modular thrust subsystem approaches to solar 
electric propulsion nodule design 
f NASA-TH-I-73502] pOQ50 N77-10151 

Hass study for nodular approaches to a solar 
electric propulsion nodule 

rNASA-TH-X— 3U73 ] p 0 047 S77-191S8 

Conparison of thernal analytic nodel with 
enporinental test results for 

30-sentineter-dianeter engineering nodel nercury 
ion thruster 

f NASA-TR-X— 354 1 ] pOD52 (177-25244 

Operational conpatibility of 

30-centineter-dianeter ion thruster with 
integrally regulated solar array power source 
C HASA-TH-B-842B ] p0053 477-27185 

SOLAR BIBR6T 

Beasured perfornance of a 3 ton LiBr absorption 
water chiller and Its effect on cooling syston 
operation 

[RASA-Tk-X-73496 ] p0130 R77-12S18 

Definition study for photovoltaic residential 
prototype systen 
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. p0121 477-12423*6 
. pOOIS 477-11051*6 
. pOlll 477-12406*6 
. p0151 477-11612*6 
. P0063 477-18219*6 
. pOll? 477-15987*6 
. pO 1 30 N77-12520*6 
. pO 130 477-13534*6 
. p0130 477-12521*6 
. p006« 477-23208*6 
. p0079 477-20203*1 
. p0017 477-17062*6 
. p0131 477-13535*# 

. p005 1 477-11106*6 
. pQ038 477-1B168*# 

. P0015 477-11052*6 
. pOOl 6 477- 13064*6 
. p004 2 477-15056*6 
. p0003 477-11991*6 
. p0O86 477-13792*1 
. p0123 477-13457*6 
. p0130 477-12522*6 
. pOi 30 477-12523*6 
. pOO?0 477—23109*1 
. p0063 477-20168*6 
. pOOlb 477-13065*6 
p0131 477- 13537*6 
P0019 477-18159*6 
pO-132 477-17563*6 
pO 128 477-21518*1 
P0096 477-13331*6 
p0096 477-12297*6 
p0019 477-20108*6 
P0149 477-13563*6 
pool 7 477—17063*9 
p0003 477-16991*6 
pO 166 477-17840*1 
p0017 477-17066*6 
p0102 477-17390*6 
p0109 477-11389*6 
pOOl 7 477-15037*6 
P0062 477-17167*6 
p0092 477-13237*6 
p006 2 4 77-15 0 97*6 
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MKHT/ACCBSSIdl IORSBK J1DNI 


NASA-TR-X-73585 

NASA-TB-I-715R6 p0075 877-20204*# 

NASA-TN-X-735R7 P<> 086 "77-17D19*# 

'Mi-m-i-73SH :::::: p °°zz n^-ivo**.# 

NASA-TN-t-735RO p0O17 877-17065*# 

NASA -TN-X-73 590 I P°" 2 977-18993*1 

NASA -TB-X-73 591 ’ ^0113 Iii"Z 2 »° 3 *' 

8ASA-TN-X-73592 P ?I! 3 977-2*998*# 

8AS1-TB-X-73593 977-17168*# 

9ASA-T9-X-77598 " P 8 ] 73 977-17919*# 

8ASA-TN-T-73596 p013? 877-20563*# 

8ASA-TN-X-73597 p0123 877-19886*# 

8ASX-TN-X-73S98 11111111” PD086 877-17280*# 

NASA— TH-X-7.3599 •••••••.». P0078 877-18251*# 

8ASI-S8-A-736 on III* PB07S 877-20205*# 

NASA-TN-X-73601 * P 0074 *77-19209*# 

NASA -TN-X-73 602 "I”:; p ° 039 " 77 '1 7 «1*# 

NASA-TH-X-73603 .... P® 838 * 77 ~' 7 ’06*» 

NASA -TB-X-73608 ....I'"**" p ??! 7 877-18202*# 

8ASA-T9-X-73605 ............. p0156 877-19775*# 

NASA -T8-X-73 606 P ® 83 Z *” _18,B2 *# 

NASA -TN-X— 73607 * pBB * 7 UZZ”! 9 ’* °** 

8ASA-TB-X-73608 ... P®’ 77 *77-27035*# 

NASA-TN-X-73F09 P ®?!}Z ?ZZ~ 186D3M 

NASA-TN-X-73610 p8 ’ 77 » 77 -’ 7 987*# 

NASA-TB-X-73611 ...I" 877-23608*# 

8A5A-T8— 1—77617 p0020 877-23111*# 

NASA -T8-X— 736 1 3 ::: po ?:i 977.20109*# 

NASA— TN-X-77618 * p ® 133 877-19580*# 

8ASA-T8-X-73615 ”1” * P 22S? 8 77 -23209»# 

8ASA-TN-X-73616 :::: p ®??? *77-28330*# 

8ASA-T8-X-736 1 7 ...” p8 ® 83 877-21193*# 

8A5A-TS-X— 73618 ... P ®® 2 ? 977-210B7*# 

BASA-T8-I-73619 P° 156 » 77 -26829*« 

8 ASA -T9- 1- 7363 0 * P B «2 877-21788*# 

8A9A-*8-X-73621 P 00K * 77 -20206*# 

NASA -TN-X-73 6 22 P®? 88 8 77 “23936*# 

NASA -TB-X-7 3673 ... p0022 877-26136*# 

8ASA-T8-X-73628 p8 ®? 2 ,77 ' 26337 ** 

NASA— T9— X— 73625 P0020 877-23112*# 

8 AS A -TB- 1.-73626 ..III P $!?J *77-28835*# 

NASA -TH-X— 73627 p ?!*? 877-23937*# 

KASA-T8-X-73628 P ®® S3 M77 -2 3 207*# 

8ASA-TH-X— 73629 p ?® 23 "77-33159*# 

NASA-TN— X— 736 30 P®®« *77-22388*# 

8ASA-T8-X-7363? P®' 49 * 77 -77568»# 

8ASA-TH-X-73633 P ° 112 » 77 -23887*. 

8ASA-T8-X-73636 p0063 877-20169*1 

NASA-TN #-73615 P® 374 * 7 7— 3 0998*# 

NASA -TH-X-73616 p017 » " 77 - 3 °999*# 

8ASA-T8-X— 73637 P® 044 *77-26183*# 

8ASA-T8-X-736 38 P 0333 *77-21588*# 

SS3A T5-1-73639 P° 333 *77-21549*. 

8ASA-T9-I-73680 * P® 323 *77-20882*1 

NASA— TN-X— 73641 p0!38 977-22608*. 

NASA-TN-I-73682 ..III P?3” N 77 ’ 22 *" 4 *# 

8ASA-TB-X-736B3 P? 339 * 77 -22689*» 

NASA— TB-X— 73688 P ° 052 377 -« 22 ?*# 

NASA -T8-i— 73645 P® 339 877-31612*# 

nasa-tn-x- 7364* ::::: p 2??? » 77 -223i n *. 

NAsi-rS-i-mt? 977-23889.# 

9ASA-T8-X-71653 P® 333 * 7 '-23«90«# 

8ASA-T8-X-7365U p0102 977-23808*# 

NASA— T8-X-73655 " P® 823 * 77 -32155*# 

NASA— T8-X— 73656 p0138 977-22610*# 

9ASA-TB-I-73657 P® 878 *77-23280*# 

8A5A-TB-X-73658 III” p ® 337 *77-26678*# 

NASA-TB-X-73659 p0113 977-23692*# 

NASA “TB-X— 73660 I”" P?® 79 877-33313*# 

FASA-TB-X-73661 * P® 897 * 77 - 2 8393*# 

8ASA-T8-X-7366? ...11*”” p8 ®ZZ * 77 ~26269*# 

8ASA-TR-X— 73663 *** P ® 822 877-20119*# 

8ASA-T8-I-73665 .III p ® 87 ! * 77 ' 322 83*# 

8ASA-T8-I-T3666 .. P®® 93 * 77 - 3 1239*# 

8ASA-TH-X— 73667 p0028 877-33160*# 

NASA— TN-X-73 669 * P® 333 877-23605*# 

8 ASA -TB-X— 73670 P 0,3S * 77 -26612*# 

NASA— TH—X— 73671 P 9,3S » 77 -26613*# 

NASA— TB-I-73672 P? 037 977-26153*# 

NASA-T9-X-73673 p833 f 877-26618*# 

NASA -TB-X-73 678 P® 321 » 77 *33517*# 

NASA -TR-T-73 615 P0135 877-26615*# 

NASA -TB-X-73 676 p ? 151 " 77 -™679*# 

8ASA-T9-X-73677 P® 339 * 77 “26616*# 

8ASA-T9-X— 73678 p ®! 38 877-26617*# 

::::::::::::::::::: StSSga 


lfASA-Tfl-I-73662 ^ 

BASA-TFM(-736B^ 

l*ASA-T»-r-73fiHtt * P0077 B77-2721*l*# 

KASA-TH-X-?368«3 *77-30314*1 

*ASA-Tfl-X-71fiflfi *•■•••«••* pOH5 H77-32505*# 

K?SA-T*-i-7lfi»Q P° 103 ^77-20436*1 



SASA-TS-X-73716 ***** P S«f? 877-27919*# 

NASA— T8— 1—7 3793 ............ p0060 877-29222*# 

73793 p0 , 6 , „ 77 _ 3ftooo ,. 

HASA-T8-73895 

8ASA-TB-73515 P S??? 877-33161*# 

BA5A-TR-73595 ’ JZ 7 ' 30593 ** 

NASA -TR-73 664 IZZ' 27751 * 3 

8ASA-TB-73691 .............. p0077 *77-27215»f 

KA SA-TB-7 36 92 “.‘."I p8 ?ZI "Z 7-2 ” 59 ** 

NASA-19-73694 P ZZZ? 877-27831*# 

8ASA-T8-73695 P nZIZ 8 77 " 3 2504*# 

NASA-TB— 736 96 .... , * 77- 27306 * # 

NASA -Tfl-73 697 * p ???5 *77-28078*# 

NAS A -T 8-73 6 98 III. P“Z2Z * 77 -27370*. 

8ASA-T8- 73699 P 22?f ?ZZ' 32287 *' 

hi SA—TH— 717ni ■■•#«•••••#«, t 0 06 5 *77—33265*1 

NASA-TN-7370? ”1”" 877-32248*# 

HASA— TB— 717m •••##♦##•*»«, pQ138 *77—29603*# 

8ASA-T8-71784 pQ137 *77-27897*# 

8ASA-T8-73705 I”””.*” P 2?Z? JZl"?^ 31 ** 

NASA— TB-73706 ... P ?ZZ 2 "P* 32931 * 1 

NASA— TB-73707 P“?Zo ‘’Z 32,S6 *' 

9ASA-T9-73708 . . P SoZZ * 7, “ 333, **» 

8ASA-TB-73709 * ‘’S?; 9 877-32157** 

NASA— T9-73710 ..I.. I P S P ZZ ^ZZ* 27107 ’* 

HASA—TB— 73711 .... * P Z™ *77-29807*# 

NASA — TB— 73 71 3 p013B 97/-30599*| 

9ASA-T9-73713 P 0137 * 7 7-27494*# 

98 SA-TB— 73715 P 0823 *77-32158*1 

8ASA-TB-73717 P° 078 877-32288*1 

*isi-?!!-73?!B pp :? a 4 rz^ZL 521 *' 

NASA— TB-7373n ......... p0138 877-30611** 

NASA -TN-71771 P 0060 877-32242*# 

NASA— TB— 71771 POO? 3 *77-32160*# 

NASA— TB-73773 P 0023 877-32159*# 

KASA-TB— 73725 p0 ’ 61 877-32836*. 

NASA -T8-73 726 I P^SZ 577 - 32837 ** 

8ASA-T8-73727 P ZZJZ * 77_28331 *t 

NASA— T 8— 73728 . P ZZZZ “ 77 ” 28623 »* 

8ASA-TB-73729 877-3316#*# 

8ASA-TH— 77730 p0O23 877-31155*# 

NAS A -T 8-737 11 P 0 ’ 23 877-28522*. 

NASA— T8- 73738 P 0123 877-30500*# 

8A SA— TR-73736 H"” P ®? 2 , 5 877-33166*. 

M1SA-TR-73737 P £ZZ? N17-335 78** 

9ASA-TB-73738 .... * P 2ZZZ N77 ~ 33 536*# 

NASA— TN-7370 1 ***** p0078 877-31288*# 

NASA -T8— 73744 P 8 ® 25 « 77 -3 3 167*. 

NASA— iH-72755 877-31355*# 

NASA — TB-73 74 6 ................ pO 1 39 877-3161#*# 

nasa-tb- 73747 :::::::::: - pp^i 877-32839., 

8 ASA -TB-73 7# 8 ZZXSZf HZZ'Z 31 *" 9 * 

8ASA-TR-737# 9 P ???^ ZZZ _33153M 

VASA -TB-7 3753 * p00#4 877-33232*. 

NASA -TB-73 776 I”.” P°Z°Z :ZZ* 28468 * , 

NASA -TB-71779 . P 2Z 25 * 77_333 6S*# 

8A SA—T8— 73781 P 23Z? 877-32«C0»# 

8ASA-TR— 73783 * J 77 ' 33728 *# 

NASA— T 8— 73790 *ZZ' 33999 ** 

8ASA-T8-74059 pOOOf 

I p0 ? 72 877-14253.# 

8ASA-T8-D-8282 . P 8 ?“ * 77 - 1,3 ’6** 

NASA— T8— 8-8297 ... P Z?ZZ 

BASA-TB-»D-Rinft pO!07 H77-17429*# 

&?!l-S-8”?7 IIIII P.°!” 877-17819*. 

NASA— T9— D-8319 .... P 2”Z 8Z 7 ' ,, ‘ ,00 * , 

NASA -TN-D-8 320 ... P???Z 87 2” 19159*# 

8ASA-T8-D-8337 III P2525 * 77 - 23 tB3*# 

NASA— TN-D-8 3 38 II P ?5?? 8 77 -tU13*# 

NASA— TN-n- 99 3 Q 877-10199*# 

NASA— TN-D-B 340 I.* P “IZZ 8 77 -H#«Z*. 

NASA-TN-n-fl3ttl * P° 083 877- 11004*# 

NASA— TB— D-8342 I P “Z?* " 77 -H775.. 

NASA-TN-D-8343 ...***** P 2?Z? *77-11056*# 

RASA-TN-n-Rlou pOIII 877-11401*# 

NAsJ-tJ-S-B"#” :::::::::::: nil', izz-zz^r* 

T s k a:z£ini ::::::::::::::: IZl 

nasa-tn-dJI?. 2 :::::::::::::::::::: p -” ; 77 :?- 89 : 3 
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IBPOtT/ACCESSXOV HUB Eft XIDftX 


K A SA-TH- 0-837*5 
HASA-T8- 0-837$ 
8ASA-TH-D-83B3 
8ASA-TK-0-83B7 
HAS A -T0 -&-6 3 88 
HASA -*8-0-8394 
HASA-TN-P-0395 
8ASA-TK-D-839f 
8ASA-T0-O-B399 
8ASA-T0-O-84O2 
HASA-TH-D-fl«03 
8ASA-TH-D-8404 
8ASA-T8-0-BU21 
NASA-TH- 0-8421 
8ASA-TH-O-0423 
KASA-TH-0-84 29 
8ASA-TH-D-84 30 
HASA-TH-D-0431 
HASA-T0-O-B4 16 
0X$A-TH-D-0457 
HASA-TN-0-0456 

HA*U-T8-0-a459 
8ASA-T8-D-8460 
HASA-*K- 0 -aa 61 
HASA-TH- 0-846? 
HASA-TF-D-846? 
NA5A-TH-D-8464 
8 A5 A -78-0-0465 
HASA-TK-O-8466 
HASA-T8-D-B482 
HASA-7H-0-8483 
8ASA-TH-O-0484 
NASA-TK-O-e40S 
NASA-TW-D-8486 
KASA-TK-D-8487 
0ASA-TH-D-8491 
KASA-TN-G-0492 
RASA -*8-0-04 9 3 
HASA-TH-D-0504 

HASA-T8-D-85Q7 
HA5A -*0-0-8527 
8ASA-TH-O-0528 
8 AS A -T 8- p- 05 2 9 





pOI 02 877- 14377*1 
p0123 N77— 1 544 1 *4 
p0073 077-17200*4 
p004* H77-15063** 
p0073 877-16148*1 
pOO06 >177-16170*1 
p007l N??-17201*« 
P0132 1*77-16445*1 
P0156 477-27040*4 
pDOOa 877-18051*1 
p0073 877-10249*4 
pOI 12 477-21441*4 
p0074 877— 1921 1*4 
pOP76 477-24257*4 
p0006 K77-28087*# 
p0053 877— 77 185*i 
pOOOl 877-10992*4 
pOOOG 877-^9099*4 
pOO06 K77-19253 *• 
p0021 877-23111*4 
pOOOft N77-28 0B8*4 
P&0?6 877-23241*4 
p007C 877-22216*4 
p0075 877-21216*4 
p0076 877-23230*4 
p0069 ’>77-22222*4 
p0102 877-25454*4 
pOI 12 877-21444*4 
pOlFB H77-2596 3*4 
p0065 877-29226*4 
pOUl 877-23494*4 
p0 114 877-24499*4 
pO 135 477-24592*4 
pOH3 877-23495*4 
p0021 H77-23 114*# 
p0l49 877-26701*1 
pOQ94 877-2537?*# 
r00?6 477-24253*4 
pOU 4 477-25537*4 
pOI 7 4 477-28016*4 
p0138 H77-?8588*« 
pO 114 877-2952^*4 
pM21 H77-29539*# 


8ASA-TP-1001 
NASA-TP-1017 
HASA-TP-IO^S 
KA5A-TP-1019 
HASA-TP-1020 
4 AS A— TP- 102 9 
HAS A -TP- 1030 
HAS A -TP- 1031 
HASA-TP-1017 
HASA-TP-1033 
HAS A -TP-1 034 
RA5A-TP-1035 
NhSA-TP-1036 
HAS A-TP-10>7 
HASA-TP-1052 

i»A5A -TP-1041 

HASA -TP-1054 
KXSA— TP— 1056 
HASA-TP-1 058 
HASA-TP-1060 
HASA-TP-1 061 


pOI 6 1 

• pQl03 

pooae 

* pQ091 

... r0022 

pOIOl 

* pO1 1 6 

* p002 3 

poooe 

p0047 

* pQ02 3 

pOO07 

p 002.1 

p01G3 

aOO70 

p0037 

pOtno 


p 00^5 

* P002 3 

P0115 

- pD194 


877-10900*4 
877-30413*4 
877-30009*4 
477-30296*# 
877-11152*4 
477-31441*1 
877-31502*4 
877-31153*4 
877-12082*4 
877-33 ?4 8* I 
877-31154*4 
077*32 312*1 
877-32153*1 
877-32411*4 
877-12286*4 
877-33350*4 
477-32432*4 
877-33169*4 
877-32154*1 
877-33520*1 
877-37444*# 


8ASA-TT-F-17796 p0077 877-13709*4 

NBS-TH-925 pQ0?1 877-19206*4 


PHA-5296 
P8A-5410 
PEA-5441 
PHA-5440 
PHA-5453 
PHA-5450 
PHA-5461 
PIA-5471 
PH A- 5 4 72 
PHA— 5487 
PHA-5409 
PHA-5493 
PHA-5521 



pOOO 2 877-16986*4 
p0030 877-13059*4 
pOOE3 877-11154*4 
pOOl 2 H7 7-16022*4 
p0030 877-14026*4 
p0029 877-10064*4 
p0030 N77— 15041*4 
p0031 877-15044*4 
pOOlO 877-13060*4 
p0032 877-20101*4 
P0032 877-20102*4 
p0035 877-32161*4 
pOllB N77-25534*# 


BSPT-76-9C4-STGBO-R1 

FEPT-76-9E9-ECAS-R2-T0L-1 

REPT— 76-9E9-ECAS— R2— VOL-2 

RFPT-76-9F.9-ECAS-B2-V0L-3 ....... 

RBPT-76-9G9-8ASPA-R1 

RHt>T-77-9F5-GATTT-Rl ....... 

REP ,p - < VO-53 1 3 . / 

BEPT-. aO-6240 

KEPT- 1503 

REPT-3084-PR 

REPT-S 095-0 46 


p004? 877-19132*4 
pO 144 877-26628*4 
pOias 877-26629*4 
pOI 45 877-26630*4 
p0122 877-19477*4 
pOIOl 877-31405*4 
pOI 46 877-32590*4 
p0’46 877-29604*4 
p0142 877-12510*4 
p0143 877-15492*4 
p0165 877-27890*4 


RI/HD77-195 


pOII 9 N77- 31500*4 


RR-4 


pO 15 1 87^— 21770*4 


BUS-PATEN7-CLASS-52-51 8 


p0l39 877-31601* 


P75ABG431 

R 76- 104 

R76-115 

R76-116 .. 

R76-170 

R76-189 

P76ABG272 ...... 

R76AEG454 

F76AEG461 

H76 AEG566-VOL-4 
P76AEG566-7Qt-*tt 

R70APG597 

P77-912506-14 . 

R77AEG180 

P77AEG222 

P77AEG481 

P77AEG402 


p003? 877-20113*4 
p0056 877-24180*1 
pOllB H77— 23480*4 
p0056 877-26221* 
pOH9 877-27403*4 
P0056 877-21 109*4 
pOO 1 ? 877-12041*4 
p0O33 877-21089*4 
p0030 877-13063*4 
p003 1 877-17060*4 
p0031 877-17061*4 
p0031 877-15043*4 
pOOS 9 877-27271*4 
p0035 877-31149*1 
P0032 877-20105*4 
p0034 877-29150*4 
p003U 877-20122*4 


SAE PAPER 760909 
SAE PAPER 760916 
SAE PAPER 770223 
SAB PAPER 770458 


p0026 A 77— 20220* 
p0026 A 77-23226* 
p0174 A 77- 44562* 
P0027 A 77- 37077*# 


SAE-PA PEB-770458 


pOOl 9 877-20109*4 


SN-0262-F 


pOOB 9 877-13223*4 


SOLAR— ER- 251 9 


p0O31 877- 16062*4 


SRD- 76 -064— 1- VOL— 1 

SRD-76-064-2-VOL— 2— PT-1 

5RD-76-064-2- VOL- 2-PT— 2 

SRD-76-064— 2— VOL— 2— PT-3 [.’** 

SRD-76-064— 2-VOL-2-PT-4 

SHO-76-064-3 .. 


P0145 877-26631*4 
p0 1 4 5 877-26632*4 
pO 145 877-26633*4 
P0145 877-26634*4 
P0145 877-26635*4 
PQ145 H77-26636*! 


HRSrp-77-1234 
8BSIF-77- '264 


p0070 877-28250*4 
p0091 877-30271*4 


SU-HHT-23 

SD-nnT-25 


P0105 877-16290*4 
pO 105 877-15344*4 


KSB-S-1 


pO 1 46 877-2P5P6*4 


SHRi-02-4492 


p0l06 877-33437*4 


PANA-0VS-9 



PB— 25B9U4/B 



PPX-1014-11 ... 



PSD- F- 1 09 . 



PSI-TR-53 . 



PT-4964 



PHA-PR-7605 


H77-1S381.I 


TCH-5206 






TE-4202-1 2-77 



TE-4233- 152-77 



TID-27200 






TR-I-2 



TR-1-7 



TP-2-2 

TR-2-4 * 

p0136 

877-26620*4 

TR-2-6 



TR-2-7 



TR-2-8 

p0137 

N77-26624*. 


E-8 


ripoht/accessio* (onik mix 




TR-3-1 .. .. pOI 37 *77-26675*# 

TR-3-3 . p0137 *77-26626*# 

TH- 22353-6001 -RB- 00 p0142 *77-11531*# 

TRW-ER-7926 p00B4 H77-22214*# 

TRI-261 4B-6004-RU-00 p0083 *77-12182** 

TRN-26629.000 P0101 *77-32398** 

(I_ c _p_1173 p0083 N77-2020B** 


OS-PATEKT-APPL-SB-462424 
OS-FATEET-APPL-SE-510677 
DS-P ATZET-APPL-SE-511 33* 
US-PATE*t-APPL-S*-56992S 
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